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PHYSICAL SCIENCE ?0R ELEMENTARY EDUCATION TEACHERS 

PHYSICS SECTION 



MILES J. DRESSER 
ASSOCIATE PROFESSOR OF PHYSICS 
WASHINGTON STATE UNIVERSITY 

GENERAL INTRODUCTION: From che earliest age that a child 
can communicate r their curiosity about nature and its 
behavior is evident. The questions of "why?" which 
sometimes exhaust the patience of the adults around them, 
are many times the same questions that have driven 
scientists to explore the mystories cf nature. Those 
explorations have resulted in a clearer view of nature^ out 
as each mystery is explored and becomes less mysterious, new 
mysteries become evident that arouse the inherent curiosity 
of people to study them. We have found that the unravelling 
of mysteries has in most cases been to our benefit because 
as we develop understanding, we can better employ nature to 
our benefit. Machines do work we cannot, medicines cure the 
previously uncurable, and new materials are found that adapt 
to our requirements where others failed. Transportation and 
communications have taken us from a world of isolated 
families, communities, and tribes to a massive interrelated 
world society which on one hand seems exciting and filled 
with potential but on the other hand is frightening in its 
complexity and variety. Thus while science has given us 
many benefits it has also created some of our most complex 
problems. Living in these times then requires that we have 
a populace that is generally at ease with and somewhat 
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conversant in the sciences. Just as the knowledge from 
science has contributed, in part, to our problems so must an 
understanding of science be involved in the solution of 
those problems. 

To that end we will try to create a course that 
involves specialist teachers who demonstrate both the 
process and substance of physical science in a manner that 
is intriguing and stimulating to the potential elementary 
teacher. We feel that the ability of an elementary teacher 
to feel at ease while presenting physical science topics or 
encouraging their students in those studies is critical to 
the improvement of attituaes toward the physical sciences 
found in our general society. 

Using specialist teachers in the physical sciences 
requires that we use subject matter breakdowns that are 
evident at the University level but rather meaningless at 
the elementary level. The four blocks of this course will 
be Physics, Chemistry, Geology, and Astronomy. All of 
these topics become blended as they are implemented into 
elementary educational programs so that the elementary 
teacher must be able to draw on knowledge from several 
academic areas for a single classroom topic. The primary 
goal of this course is then to provide the future teacher 
with sufficient knowledge of the subject matter in the 
Physical Sciences that they can feel confident when called 
on, to present these topics to the elementary class. It is 
assumed that these students will be concurrently enrolled in 
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a science methods course which parallels this and deals with 
the linplementat on of the topics of this course in an 
elementary situation. 

PHYSICS INTRODUCTION: The domain of physics includes the 
search for some of the most fundamental of the laws which 
govern the behavior of matter and how these laws combine to 
explain the phenomena of nature that we observe. Topics in 
Physics include motion, force, energy, fluid behavior both 
at rest and in motion, temperature, electricity, magnetism, 
light and optics, and the construction of matter from the 
level of subnuclear particles through the construction of 
the atom to the nature of solids and fluids as an assembl/ 
of atomic particles. Our intent is to activate the 
childlike curiosity that pervades us all, to see that simple 
model" and simple explanations infact explain far more of 
nature around us than might seem possible at first glance. 
Simple models are many times numerical in nature so that 
the quantification of phenomena and substances becomes 
an important part of this subject. The first step in 
quantification of physical phenomenon is to establish 
an appropriate measure. An understanding of measurement 
is crucial to the development of the physical sciences 
and particularly to the development of those topics in 
the domain of Physics. Thus we begin with the process of 
measurement and proceed to the topics of mechanics, fmotion, 
force, and energy). We will then study the subject of heat 
and temperature followed by the topics of electricity and 



5 



magnetism, and optics and light. Our final focus will be on 
atomic and nuclear construction and the use of physical 
models to aid our understanding of phenomena at that level. 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK -- LECTURE #1 
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I , Introduction 

A. Course Procedures "^nd Plcins 

B. Nature of Physics 

C. Measurements 

1 . process ( comparison) 

2. definitions (conventions ) 



length 

time ^ Show examples 

mass 



II, Kinematics 

A. Speed (Demo Air Track horizontal or tipped) 

1. average 

2 . instantaneous 

3. examples 

B. Acceleration ~ deceleration 

1 . average 

2 . instantaneous 

3. examples 
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PHYSICAL SCIE^3CE FOR ELEMENTARY TEACHER.^ 
PHYSICS BLOCK — LECTURE #2 



I. Review of Kinematics 

A. Position 

B. Velocity 

II. Kinematics (cont.) 

B. Acceleration - deceleration 

1. average 

2 . instantaneous 

3. examples 

C. Description of Motion 

1. constant acceleration 

2. useful formulae 



2 

X - X = at + V t (Ball down 

^ ° ^ ° sloped hill) 

- v/ = 2a(x - x^) 
o o 



3. examples 

freefall experiments (F3ather & Farthing) 
g = const, for everything 
(ignorirg air drag) 

Talk about describing a ball's motion when 
tossed up (or down) + velocity, 
+ acceleration, + position 

4. numerical examples 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK — LECTURE #3 



I. Review of Kinematics 

A. Position 

B. Velocity 

C. Acceleration 

D. Formulae for const, acceleration 

X - X = v^t + at 
n 9 Watch signs! 

v^ - v^^ = 2a(x - x^) 

o o 

II, Kinematics in 2 or 3 dimensions 

A. Vectors 

1. magnitude & direction 

( 

2. position vectors ^coordinate arrows 

3. velocity vectors 

B. Combining vec*"ors 

1 . graphical addition 

2. components 

3. component addition 

4. subtraction (the minus vector) 

C. 2 dimensional motion 
1. independence of components 

a, monkey hunter demo 

b. other demos 



r 

ruler 

prouractor 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK LECTURE #4 

I. R ^ cf Exaniples 

TI. Dynamics - Answers the question 

"Why do velocities change?" - or 
"How can we change a velocity?" 

A. The answer .is - Force 

A crude definition of force - 
"That which changes velocity." 

Newton said. ... (First laiw) - an object renains at 
rest or at constant velov':ity unless acted on by a 
net Force . 

B. How do we measure force? 

1. note dependence on mass 

2. note dependence on acceleration 

C. Action - Reaction 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK LECTUKE #5 

I. Review of concepts of force 
II. Newtons laws of motion 

A. First "rest or constant velocity" 

B. Second "net force = ma" 

C. Third "action-reaction" 

III. Application examples of the three laws 

A. Ball with string above and below 

B. Tablecloth from under a place setting 

C. Tractor and log 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK — LECTURE #6 



Review of Newton's Laws 

A. 1st Law (defines Force as that which changes 
velocity) 

2nd Law - quantifies Force via . = ma 

3rd Law - Action-Reaction. Forces come in pairs 

B. Applications 

1. Units of Force 

2 

kg(m/s ) = Newton = N, English Pour I is force of 
F = mg 

m =: f/g = lb/(ft/s^) = Slug 

2. Weight vs Mass 

Weight is force of g on matter. Mass is quantity 
of matter 

if F.^^^ =: mg 

" ^net/5 " 

Momentum 

Defined as P = mv 

Since F ^. = ma = m ^o) 

net 

t 

mv - mv P - P^ 
= ^ e = — ^ 

P 
t 

or P = F t — F t is called impulse 

Bat hits ball with F for t — Changes momentum by P 

if F = P/ t 

and if F = 0 

P = 0 => P = constant conservation of momentum 



PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYJICS BLOCK LECTURE #7 



I. Review of Newtons laws, 

II. Another Application - person on an elevator 
2 

a ^ 2 m/s / m = 100 kg, find the apparent weight. 
III. Work 

A. No work if no change in position 

B. No work if force is perpendicular to the motion 

C. Work is negative if motion is opposite to force 
IV. Potential Energy (mgy for gravity) 

A. Energy of position 



1. Work to put it there 



2. 



Work it can deliver if released 



V. 



Kinetic Energy (mv+2 /2) 



A. 



Energy of motion 




= ma from Newton II 



- V 



o 



= 2 ax Kinematic #4 



4. 



W = F . X = (ma) X = m (ax) 
net 

= m(v^ - v^^)/2 
= KE - KE^ 
This is called the work energy theorem: 



Work by a net force is equal to the change 



in the kinetic energy. 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK — LECTURE #8 



I. Review of work and energy 

A. Work x) 

B. Potential Energy (mgy for gravity) 

2 

C. Kinetic Energy (mv /2) 

II. Conservation of energy 
A. Hills and valleys 
3. Loop the loop 

III, Circular motion 

A, Centripetal vs, centrifugal 

2 

B, Centripetal force (mv /r) 

C. Torque and rotational acceleration (T = la/r) 

2 

D. Moment of inertia (I = {number }mr ) 



E. Angular momentum and conservation (L = Iv/r) 

'rot 



2 

F. Rotational kinetic energy (KE . = I(v/r) /2). 



IV, Conservation of total energy 

TE = PE + KE^^^^ + KE^^t 

tran. is motion of center and rot. is rotation about 
the center. Tran. is translation. 



er|c ^ ^ a? 



PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK — LECTURE #9 

I. Review of rotational motion 

A. Torque (T = F r^^^^) 

B. Angular dynamics (T = I a/r) 

C. Angular momentum (L = I v/r) 

II. Wrap up of rotational motion 

2 

A. Angular energy ^^^rot ^ ^^/^^ 

B. Conservation of all energy 

III. Temperature and heat 

A. Temperature and thermometric properties 

B. Linear expansion 

C. Heat capacity 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK ~ LECTURE #10 



I. Review of rotation and temperature 

A. Rotation conservation of energy in translation 
and rotation 

B. Temperatures 

C. Thermometric properties — Pressure 
II. Heat as a form of energy 

A. Heat capacity of materials 

B. Heat transfer 

1. conduction 

2. convection 

3 . radiation 

C. Phase changes 

1. boiling point, freezing point 

2. Triple point 

3. latent heat of transformation 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK LECTURE #11 



I. Review of heat concepts 

A. Temperature 

B. Heat and heat capacity 
II. Heat Transfer 

A. Conduction vs Convection 

B. Radiation 

III. Bciling and Melting 

A. The melting point (Fusion) 

B. The boiling point (Condensation) 

C. Heats of transformation 

D. The Triple point 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK LECTURE #12 



I. Review of Exam 
II. Static Charge 

A. Strong Force 

B. Two Kinds The Franklin convention) 

C. Force Fields 

D. Charging by induction 
III. The Electric Field 

A. Point charge 

B. Parallel Plates 

C. Other shapes 

D. In and around conductors 
IV. Charge Storage (Capacitors) 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK LECTURE #13 



I. Review of Electric Fields 

A. Charges 

B. Fields around shapes 
II. Charging objects 

A. Induction 

B. Storage 

III. Potential (Energy / charge) 

A. Work against the field 

B. Moving charge 

C. Ohms Law 

D. Series and Parallel 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK — LECTURE #14 



I. Review of potential and current 
II. Current (the ampere = coulomb per second) 
III. Resistance 

A. Ohms law 

B. Resistance units 

C. Parameters of resistance (The salt tube) 
IV. Circuits 

A. Symbols 

B. Sources of potential 

C. Series 

D. Parallel 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK LECTURE #15 



I. Schedule makeup for Friday 
II. Review of currents 
III. Circuits 

A. Svmbols 

B. Series 

C. Parallel 
IV. Magnetic fields 

A. Poles 

B. Materials 

C. Magnetization 

V. Magnetic forces on moving charges 

A. Bending an electron beam 

B. Jumping wire 

C. Meters and motors 

VI. Magnetic fields of currents 

A. A wire 

B. Coils 
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PhfSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK LECTURE #16 



I. Review of Magnetism 
II. Magnetic forces on moving charges 

A. Bending an electron beam 

B. Meters and motors 

III. Magnetic fields of currents 

A. A wire 

B. Coils 

C. Electromagnets 

D. Atomic electron currents a source of ragnetism 
IV. Magnetically induced electric fields 

A. Moving wire 

B. Moving coil 

C. Moving Field and Lenzes law 

D. Transformer and AC 



o ' 25 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK ~ LECTURE #17 



I 
II 



III 



Review of Electricity and Magnetism 
Light (Electromagnetic waves) 

o 

A. Speed in vacuum 3 x 10 m/s for all 
observers 1 — " 

B. Reflection and construction of images 

C. Refraction, Snells law i = nr 

(See figure to the right) 

D. Speed of light in materials - index 
of refraction 

Refraction of objects 

A. Parallel surfaces 

B. Prisms 

C- Curved surfaces ~ lenses 

D. Focal point 

E. Ray tracing - images 

F. 1/f = (l/i) + (1/0) 




I 



^ > ^ 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK LECTURE #18 



I. Review of Refraction 

A. Lenses 

B. Focal point 
II. Image construction 

A. Ray tracing 

B. 1/f = (l/I) + (1/0) 
III. Light as a wave 

A. Interference from separate sources 

B. Diffraction from a single source 

C. Gratings 
IV. Polarization 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK — LECTURE #20 



I. Review of the atom 
II. Standing waves of electrons 

A. Bohrs criterion n A = circumference of orl^it 
A = v/f, A is wave length, v is wave velocity 
and f is frequency or f = 1/T where T is time 
for one cycle. 

B. De Broglie's hypothesis A = h/mv, the particle 

-34 

wave connection, h = 6.6 x 10 joule sec 

C. Plancks Quantum E = hf . This is the energy 
carried by one light particle or a photon. 

III. The nucleus 

A. Nucleons Protons and neutrons 

B. Nuclear size and stability 

C. Alpha, beta, and gamma decay 

D. Fission and Fusion 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS SECTION 

CHAPTER 1 MEASUREMENTS 

If one seeks to begi'^ at the very beginning of a subject 
one finds that most fundamental of definitions are the most 
difficult, not because of their comt lexity but because of 
their simplicity. They seem so obvious that we struggle with 
finding a precise statement that covers the full character of 
this simple concept. Position and time are two such entities 
in the subject of Physics, and we choose to define them not 
in a verbal statement but rather in the process of how they 
can be measured. If we all agree on how something is to be 
measured then we will all be talking about the same p; .jjerty 
when we compare our results, 'inhere can be no ambiguity. 
That is not to say that our preconceptions of the nature of 
this property may not differ from that of others but we are 
at least in agreement that the measurements are identical* 

A specific example will be of more help than further 

generalities so let us consider what position means. The 

^.ertinent dictionary definition from Webster's "New Universal 

Dictionary* 2nd Ed. stites, 

"The place occupied by a person or thing; site; 
situation; location; as, the position of a building; 
the positron of a figure in a picture". 

However if one looks up the definitions of "place, site, 

situation, or location" these definitions are defined in 

terms of the others. The definition becomes circular so this 

is not productive. We then take the other course; we base 
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our definition on the understanding of how we are going to 
measure the position. To measure position we need (A) a 
frame of reference and B) a unit of measure. The process of 
determining the position of an object will be to measure the 
number of units that that object lies from the origin of our 
agreed upon frame of reference. We will also have to agree 
on how we handle different directions and which point within 
the object we are using to determine location, but these are 
refinements we will discuss later, so let us proceed assuming 
that they can be resolved. Say we have agreed that a par- 
ticular stick is to be owl unit of length and so we lay down 
the stick with one end on the origin and direct the other end 
toward the object we are trying to locate, see Fig. 1. 




& 



r 

We mark where the other end falls and then move the stick so 
that one lies on that mark and the other end is directed 
toward our object of interest. For the moment assume that 
the object is several lengths away from the origin. We mark 
the location of the end nearest the object and repeat the 
process until we arrive at the object. If we count the 
number of lengths thus required we say that that is the 
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distance measured (at least crudely). It is crude because we 
rarely come out with an exact number of lengths and we have 
to determine how to measure fractional lengths. This is done 
by finding a shorter length that is an exact fraction of the 
agreed upon unit length, for example say we find a stick that 
is exactly 1/10 of our unit length. We can of course test it 
by measuring the length of the unit length with the short 
stick and it will be exactly 10 short lengths long. Now we 
return to our original task of finding the position of an 
object. If the object lay beyond the 14th length but closer 
than the 15th, we get our short length unit out and find out 
that the object was beyond the 6th short length but closer 
than the 7th short length, then our position is 14 lengths 
plus 6 or 7 short lengths (whichever is closer, say 6), so 
the distance is 14.6 lengths. We are ancertain of our length 
to one short length and if we desire more accuracy in our 
position we must find a shorter length to subdivide the 
remainder with. We continue that process until our accuracy 
is sufficient for the job. This is of course a ridiculously 
painful process and we quickly learn that measurement is 
easier if we print the necessary subdivisions on our stick so 
we can call it a ruler. 

The time measurement process is done similarly but first 
requires a comparison unit for time- People have observed 
over the centuries that a pendulum swings with a very regular 
frequency. We shall call the time for oni round trip a 
"Period". Thus the period of a given pendulum can become the 
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basis of our time measurements. For example if we want to 
know the time between the start of class and the end of class 
we count the number of swings of the pendulum and that is the 
number of our units of time in the interval, since there 
will probably be some fraction of a swing left over, the 
error in our count is at most the time of one swing (a 
period), if we desire more accuracy we find a standard that 
oscillates faster so that the period is shorter. 

The units of mass are defined by comparison to a 
reference chunk of material, if we have many identical 
chunks the mass of unknown materials can be compared in 
balance pans to the number of chunks it takes to balance, we 
will come back to the Idea of mass later on and be more 
thorough in our description of that concept. 

We should by this point have a good visualization of the 
measurement process for distance (or position) and time, so 
we next turn to the common units of length or time that are 
used. There are several possible sets of agreed upon units 
of which two are most common in the USA. These are the 
Systeme' International (metric) and the English system. 
While the English system is the most commonly used system in 
the USA for everyday transact! ns, the pressures of world 
trade are driving us to conversion to the metric system. At 
present we are the only nation not committed to that 
conversion process. Thus preparing youth for the future 
requires that we provide them with a familiarity to the 
worlds system of units as well as some knowledge of our 
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english units. This course will use the metric units 
exclusively with the exception that occasional references to 
english units in text examples may occur to give the student 
a sense of size in units that are most familiar to them. 

The Systeme' International, (or SI as it will be 
referred to from here on) has ifj fundamental unit of lengti 
the meter. The meter is jost slightly longer than one yard 
(39.37 inches) and for rough comparisons we may think of them 
interchangeably. The great advantage of the metric system is 
the way in which units are divided or multiplied. A set of 
prefixes is defined so that the same prefix is used for all 
units. See Table 1. 



Table 1. The 


Metric 


Prefixes 




Name 


Symbol 


Decimal Value 


Exp. 


Tera 


T 


1/000,000/000,000. 


10^2 


Giga 


G 


1/000/000,000. 


10^ 


Mega 


M 


1/000/000. 


10^ 


Kilo 


K 


1/000. 


10^ 


(unit ) 




1. 


10° 


(centi 


C 


0.01 


10"^] 


milli 


m 


O.OOx 


10-3 


micro 


(mu) 


0.000 001 


io-« 


nano 


n 


0.000 000 001 


10-9 


pico 


P 


0.000 000 000 001 




f emto 


f 


0.000 000 000 000 001 
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The centi unit is bracketed because its use is almost 
entirely in conjunction with meter as in centimeter or 
occasionally as centigram. Powers of 1000 have become much 
more popular and are the only ones we will use in this 
course. There are also a few prefixes not shown here that 
are commonly presented when metric units are presented but, 
because those prefixes are rarely used, they are omitted from 
this table. These unlisted prefixes correspond to 
multipliers and dividers of 10 and 100. 

Thus the prefixes give us a set of multipliers which 
provide us with subunits and multiple units which always go 
by powers of ten and usually go by the factor of 1000. 
Contrast this with the task of remembering the number of 
inches in a foot, feet in a mile, or seconds in an hour, you 
only remember 1000, (instead of 12, 5,280, or 2600), since 
there are 1000 millimeters in a meter, 1000 meters in a 
kilometer and 1000 sees in a kilosecond. 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS SECTION 

CHAPTER 2 — MOTION 

VELOCITY 

With our concepts of length and time we can now begin 
to describe motion in more detail. We begin by discussing 
velocity. Velocity is a rate, a rate of change of distance 
with time. You may remember equations like distance = rate 
X time or the rate = distance/time. We call this rate 
average velocity and express the above equation in a new 
form, 

or the average veTocity of an object is found by dividing 
the change in position of that object by the time it took to 
make that change. The units of velocity will be m/s or 
miles/hour or some other distance unit divided by some time 
unit. In this definition we do not worry about the details 
of what actually happened between the two end points^ only 
the net change in position divided by the corresponding 
time. For example a student notes that she travels 1/4 mile 
on her bicycle in 1 minute, thus her average velocity is 
(1/4 mile) / (1 minute) == .25 mile/min. Many times we would 
prefer to know that result in miles/hour. Since there are 
60 min in 1 hour we multiply the previous result by (60 
min/hour) and get (.25 mile/min) * (60 min/hour) = 15 
mile/hour. A metric example of the same calculation is 
given by; "A hiker notes that they have traversed 250 m in a 
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we will not normally do this but it is important in our 
understanding of what is meant by instantaneous velocity. 



ACCELERAT ION 

After noting the changing velocity of the glider in the 
previous discussion we recognize the need to quantify how 
that velocity is changing. We begin in close analogy to the 
previous discussion by defining the average acceleration as 
a rate, a rate of change of velocity with time or; 

Or average acceleration is the change in velocity divided by 

the corresponding change in time. The units of acceleration 

are (m / s)/ s which by the rules of division of fractions 

2 

can be written; (m / s) * (1 / s) = m /s or sometimes 
strange mixtures of time units like (miles/hour)/ s. We 
must be careful here. Note that in earlier math classes 
your equations for rates always assume the rate is constant. 
Thus if velocity, a rate, changes (i.e., accelerates) the 
simple equation distance = rate * time does not work. We 
will come to the correct procedure for this case a little 
later . 

Of course we can extend this definition to 
instantaneous acceleration as we did for instantaneous 
velocity. If we shrink the interval of time in which the 
measurement of A v is made the ratio A v /A t becomes 
constant and independent of the interval size. This is the 
instantaneous acceleration at the center of the interval. 
For many situations the acceleration does not change much 
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and we can deal with one special case, that is the case of 
constant acceleration. 

In the case of constant acceleration the instantaneous 
value of acceleration is the same everywhere so that the 
average acceleration is equal to the instantaneous 
acceleration everywhere. In this case then; 
a = (V - v^) / t, 

or; 

V = v^ + at. [ 1 ] 

We will subsequentally refer to these equations as the 
definition of acceleration. We also note that if the 
acceleration is constant then, 

SO that the definition of average velocity gives us; 

^ave = (X - x^) / t = (V + v^) / 2 

or; 

X - = (V + v^) t / 2. [ 2 ] 

We refer to either form of the above equations as the 
definition of velocity equations. There are two other 
equations that we will use for convenience although all 
problems can be solved with the two equations above. The 
first of these other expressions is; 

X - x^ = (1/2) at^ + v^t, [ 3 ] 

which relates x,a,t. The second additional expression is; 

v^ - = 2 ax, [ 4 ] 

which relates x,v,a. Thus with thece equations for constant 
acceleration we can describe or predict all the details of 
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that motion. Note that each equation relates three of the 

four variables X/V^a, and t. Equation [ 1 ] relates v^a^tr 

equation [ 2 ] relates x,v,t, equation [ 3 ] relates x^a^t, 

and equation [ 4 ] relates x,v,a. when solving a particular 

problem take note of the variables you are given or asked to 

find and then which of these expressions is most useful will 

become apparent. 

The most common case of constant acceleration is that 

of the acceleration of gravity on earth. We find that all 

objects when allowed to fall freely (i.e. no friction or air 

2 

drag) fall with the constant acceleration of 9.8m/s . For 

2 

most cases we will call this lOm/s . 
EXAMPLES 

A . Motion f rom r est with posi tive acceleration find th e 
position and" velocity aft er t ime t . 

A car starts out from2a stoplight with a constant 
acceleration of 2 m/s (about 4.1 mph/s), how far 
has it traveled in 10 s? How fast is it going? 

We first ask ourselves, what parameters do we know and 

what do we want to find? Since the car starts out from the 

stoplight we know = 0 m/s, it has an acceleration of 2 
2 

m/s , and we are trying to find out position, x, after 10 s. 
Thus, this is an x,a,t problem and we will employ Equation 
[ 3 ]. For convenience we choose x^ = 0 m. Thus Equation 
[ 3 ] becomes; 

X = (l/2)at^. 

substituting the qiven values into this equation we get; 
\ = (l/2)(2 m/s^)(10 s)^, 
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or 

X = 100 m (about 300 ft) . 
To answer the second question we know a^t and want to find v 
so we have a v,a,c problem which suggests the use of 
Equation [ 1 ] . 

V = at (since = 0 m/s) 
= (2 m/s^) (10 s) 

= 20 m/s (about 60 ft/s or 41 mph) 

B. Motion f rom rest v^th a neg_a^ fin d 
the position^ and velocity'" aft er*"ti me'^ t . 

A fat cat drops his favorite dog from a second 
story window and hears the dog hit the ground 
1 s later. How far is the window above the ground 
and what is the dogs speed as he strikes the ground? 

Again we note that = 0 m/s, and the acceleration for 

2 

this case is that of gravity, i.e. a = g = -9.8 m/s . For 

2 

our purposes we will use g = -10 m/s because the rounded 

value is easier to use and it, accurate enough for our 

purposes. To find the height of the window above the ground 

we note that we know the acceleration and the time (i.e. an 

x^a^t problem) so we will use Equation [ 3 ] , or x = 
2 

(l/2)at . Thus wa have; 

X = (l/2)(-10 m/s^)(l s)^ 

X = -5 m (about -15 ft ) . 
The negative sign tells us that the position is in the 
negative direction relative to the window. Since we chose 
positive as upward tne dog hits the ground below the window. 
This is of course obvious to our experience but I am showing 
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that the mathematics above is consistant with our common 
experience. 

We are also asked to find the velocity at impact so now 
the problem has variables of v,a,t and we go to Equation 
[ 1 ]• 

V = (-10 m/s^)(l s) 

= -10 m/s (about 30 ft/s or 21 mph) 

C . Motion wit h an in itial velocity and positiv e 

acceleration T^nd the^di stance trav eled'^and the 

final velocity in^time t 1 

In the Indianapolis 500 all of the racing cars are 
traveling at 15 m/s (about 34 mph) as they approach 
the starter. When the lead car receives the go flaq 
it accelerates for 16 s at a constant rate of 5 m/s 
(about 11 mph/s). How far has this car traveled 
from the start line? what is its velocity? 

2 

Thus we are given a = 5 m/s , t = 16 s and v^ = 15 m/s. 
Again we will say x^ = 0 m. Now Equation [ 3 ] is written; 
X = (1/2) at^ + v^t, 
X = (l/2)(5 m/s^)(16 s)^ + (15 m/s){16 s) , 
X = 640 m + 240 m, 

X = 880 m (about 2,900 ft or .55 miles) 
To find the velocity we go to Equation [ 1 ] and get; 

V = v^ + at . 

V = 15 m/s + (5 m/s^) (16 s) 

V = 15 m/s + 80 m/s 

V = 95 m/s (about 210 mph) 

D . Motion with an init ial ye locity_^ and a negative 

acceleration ^ ind t h e^distan ce and ve loci ty after 

time t. 
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An arrow is shot straight upward with an initial 
velocity of 12 m/s (about 40 ft/s). Find the 
position and velocity at the end of each of the 
first 4 s. 

Remember that up is positive (+) so that v^ = + 12 m/s, 

and again we can choose = 0 m. We have acceleration (g) 

and times given and are asked for position so that this is 

an x,a,t problem so we go to Equation [ 3 ]; 

X = (1/2) at^ + V t 

o 

X = (l/2)(-10 m/s^)(t^) + (+12 m/s) (t). 
If we calculate x for t = 2 s as an ex.mple we get; 

X = (l/2)(-10 m/s^)(4 s^) + (+12 m/s)(2 s) 
X = -20 m + 24 m 

X = 4 m. 

Other values of x for different values of t are entered in 
Table 2. The velocities are also calculated by using 
Equation [ 1 ] or v = 12 m/s + (-10 m/s^) t. As we look at 
Table 2 we see that the second column gives the distance 
an object falls under gravity for the specific times. 
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Column 3 gives how far the object would rise if there were 
no gravity. Column 4 is the sum of columns 2 & 3 and shows 
us that the arrow is rising in the first second but is 
falling by the second second. The velocities in column 5 
show the velocity turning around between 1 and 2 s. 

E. Other questions for case D. 

(1) How high did it go? 

(2) How long does it take to return to x = 0 m? 

(3) What is the velocity of the arrow at x = 0 m? 

1. We want to find x when v = 0 m/s (i.e. at the top of 
the path). We know v,a and want to find x so we 

will use Equation [ 4 ]; 

2 2 
V - v^"^ = 2 ax, 
o 

2 

V = 0 m/s, v^ = 12 m/s, a = g = -10 m/s 
(0)^ - (12 m/s)^ = 2(-10 m/s^)x 
-144 m^/s^ = -20 m/s^ x 
x = 7.2 m 

2. How long will it take for x to return to zero? The 
variables now are 5^/a,t so use Equation [ 3 ], 

X = (1/2 at^ + v^t 
0 m = (l/2)(-10 m/s^)t^ + (12 ia/s)t 
(5 m/s^)t^ ^ (12 m/s)t 

t = 12 m/s / 5 m/s^ 

t = 2.4 s 



44 



3. What is the velocity at x = 0 m? 

2 2 
Use; V - = 2 ax 

2 2 2 2 

at X = 0 m we see v - = 0 m /s ' 

2 2 
or V ^. 

V = + or - v^. 

To ma'-e sense we suspect that v is at t = 0 s and -v^ at 
t = 2.4 s. We can remove any doubt, however, with Equation 
( 1 ]; 

V = V + at 

o 

V = (12 m/s) + (-10 m/s^)(2.4 s) 

V = 12 m/s - 24 m/s 

V = -12 m/s at t = 2.4 s. 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS SECTION 



CHAPTER 3 VECTOi^S AND 2 DIMENSIONAL MOTION 

As we try to locate different objects around us it 
becomes evident that how far away it is is not adequate for 
that description, we need to know in what direction the 
object is as well as how far it is away. This need is 
satisfied by the concept of a VECTOR. A vector can be 
thought of as an arrow whose length is related to the size 
of the property being described and which points in Ihe 
appropriate direction for that property. In the beginning 
example of locating objects around us an arrow would reach 
from us to each object so that its length was the distance 
of that object from us and the direction of the arrow is the 
direction in which the object is located. 



position and was eight feet 



due north of the original 



determine that the hole lies 




so that a second shot is required 



goes off to the right of the hole 



see Figure 3-1. 
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away. The players first shot was ten feet long and directed 
about 37^ east of north. The new position of tbe ball is 
now six feet due east of the hole. This problem is best 
discussed in terms of vector sums. The players first shot 
can be represented by a vector that has a length of ten feet 
ana a direction of 37^ each of north. The players second 
shot should go due west six feet so that it is represented 
by an arrow of length six feet and £ direction 90^ west of 
north. The combination of these two arrows then represents 
the final position of the ball. A vector that connects the 
tail of the first to the heat of the last represents the 
single shot the player should have made, or in terms of 
vectors it is the vector sum of the other t\;o vectors. 

DEFINIT ION 

The sum of two vectors can be found by placing the tail 
of the second on the head of the first. The sum is the 
vector that connects the tail of the first to the head of 
the second. Three or more vectors can be added by finding 
the sum of two of the vectors and adding that sum to a 
remaining vector until all the vectors are summed. 

Note that while a vectors size and direction are 
crucial to its meaning, the position that it occupies is 
unimportant, so a vector can be moved to any position you 
desire, as long as its size and direction are not changed. 
In Figure 3-2 vectors A and B are <-o be added. Vector A is 
3 units long (centimeters in our sketch) and points at 60^ 
from the vertical. Vector B is 2 units long and points at 
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135 from the vertical. In frame A we see the two vectors 
are separated from each other. In frame B we have shifted 
the vectors so that the tail of B is on the head of A. 




Figure 3-2 



The vector C is the sum of A and B. with a ruler and 
protractor we measure the length of C and its direction. 
We find that C has a length of 4 units and a direction of 
87^ from the vertical. Thus the sum of (3,60^) and (2,135^) 
is (4r87^). You cannot determine this answer without going 
through the graphical process and measuring your answer 
(thcie are other mathematical ways of determining this 
answer but we will not introduce those methods in this 
class) . 

VECTOR COMP ONENTS 

We have seen how to add vectors so that a group of 
vectors can be replaced by a single vector whose effect is 
the same as the collective action of the group. This means 
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that any vector could be thought of as the sum of some other 
vectors whose directions might be more convenient for our 
consideration. For example if we draw a set of axis (x,y) 
and draw vectors parallel to the x or y axis which sum to 
the given vector, we can then replace the given vector by 
these new vectors, which we call its components. In Figure 
3-3 we show the vectors A and B of Fig. 3-2 and their 
respective (x,y) components. The components replace the 
original vector so we draw two short lines across the 
original vectors since they are no longer required. 




Figure 3-3 

At first it may seem that we have made the problem more 
difficult because where we used to have 2 vectors we now 
have 4. But, 2 of the new vectors are parallel to the x 
axis and the other two vectors are parallel to the y axis so 
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now adding the parallel vectors is like simple addition. 
The sum of the x components is the x component of the answer 
and the sum of the y components is the y component of the 
answer. In frame B of Fig. 3-3 we see the components 
combined to give us the vector sum, C, and note is the same 
result as we got in Fig. 3-2. This component method may not 
seem easier for vector addition, but its real usefulness 
comes in Physical situations where motions (and other vector 
quantities) are easier to visualize in components. Our next 
section is a good example of such a situation, 

TWO DIMEN SIONAL MOTION 

In chapter two we discussed the case of an arrow being 
shot straight up into the air, we would now like to consider 
the case ol the arrow shot at some angle above horizontal so 
that it traverses some distance as it goes up and down. The 
important concept in this discussion is the independence of 
motion in different directions. Several different classroom 
demonstrations were used to make this point. Figure 3-4 




Figure 3-4. The bear lets go of the limb 
just as the trigger is pulled. 
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force is not zero then an acceleration will result. Note 
that an object sitting on the table is pulled by gravity 
downward and is being pushed upward by the surface of the 
table. Thus the object has two forces acting on it but they 
are equal and opposite so there is no net force and the 
object remains at rest. It is easy to imagine situations 
where an object is at rest but has many forces acting on it. 
If we remove any one of these forces the remaining forces 
cannot sum to zero so the object must begin to move. Thus 
any of the forces are capable of accelerating the object but 
only the net force will accelerate it. 

NEWTON SECOND^LAW 

If a system experiences a net force it will respond 
to that force with an acceleration that is directly 
proportional to that net force. This acceleration is 
also inversely proportional to the mass of the system 
experiencing the net force. Mathematically this is 
expressed as, 

F . = ma 
net 

We see that the second law quantifies the definition of 

force so that if we can measure mass and acceleration (from 

our fundamental concepts of mass, length and time) we can 

then determine what force must have produced that 

2 

acceleration. The units of force must be Kg m/s to be 

consistant with the expression above. Physicists have given 

the name of Newton to this unit of force. Thus 1 Newton = 1 
2 

Kg m/s . In the English system the unit of force is the 



ERLC 



51 



PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS SECTION 

CHAPTER 4 DYNAMICS FORCES 

Our discussions thus far have focused on the descrip- 
tion of motion without regard for the reasons for that 
motion or change in motion. The area of Physics called 
dynamics deals with the cause of change in motion. Sir 
Isaac Newton was the scientist credited with laying down the 
cornerstones of this field. This cornerstone comes in the 
form of three statements now known as "Newtons Laws". 

NEWTON'S F IRST LAW 

An object will remain at rest or move with constant 
velocity unless acted upon by a net force. 

The First Law tells us that the natural state of an 
object is either one of rest or constant velocity. Prior to 
Newton people believed that rest was the only natural state 
and that all objects will slow down unless they are being 
pushed. Newton postulates that forces are required to 
change velocity. 

The First Law thus gives us the first idea of what a 
force is, i.e. it is that which changes an objects velocity 
(or that which accelerates an object), we think of force as 
a push or a pull since pushes or pulls will accelerate 
objects. The statement uses the words "net force" and by 
that it means that we must sum all forces acting on an 
object, using vector methods if necessary. If this net 
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Figure 3^5. Projectile Motion 

(accelerating) vertical component of velocity. The actual 
arrow is represented by a dot, the arrows in the figure are 
the vector velocity or its components. 
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shows one such apparatus "The monkey hunter", in this 

demonstration the monkey (actually a teddy bear) is released 

from its support simultaneously with the release of a 

projectile directed at the bear from across the room. Since 

the motion of the projectile in the horizontal direction 

does not affect the acceleratica of gravity both teddy bear 

and projectile fall to earth at the same rate and so when 

the projectile reaches the position of the teddy bear they 

have both fallen the same distance from their initial 

elevation and a collision results. 

Now returning to the example of an arrow shot at an 

angle; if we resolve the initial velocity into vertical and 

horizontal components, we then see for the horizontal 

component of the arrows motion a constant velocity in the x 

direction for all time. That means that Equation ( 2 ] of 

chapter 2 becomes x = v t where v is the x component of 

ox ox 

the initial velocity. Meanwhile in the vertical direction 

the arrow is traveling identically with that described in 

Example D of chapter 2. It's initial velocity in the y 

direction, v^. , is first slowed down by the downward 
oy 

acceleration of gravity until at the top of its path it has 
0 velocity. The constant downward acceleration of gravity 
now begins to increase the velocity in the negative, 
(downward) direction and it uniformly gains larger negative 
velocities. Figure 3-5 shows a picture of the two motions 
going on simultaneously. Note the constant horizontal 
component of the velocity vector and the changing 
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pound and the unit of mass is rather obscure but called the 

2 

slug, so that 1 pound = 1 slug ft/s . The confusion betv;een 
force and mass is compounded in our society by the common 
thinking that pounds (a force) is the same measure as 
Kilograms (a mfss), they are not • However, we can measure 
the force of gravity in either Newtons or pounds, at the 
surface of the earth, on a mass measured in kilograms, in 
either Newtons or pounds. We define the we'ght of an object 
as the force of gravity on its mass. Since weight is a 
force its units are Newtons or pounds while mass is measured 
in kilograms or slugs. Note also tha^ objects will weigh 
differently in different gravitational fields, such a.s on 
the moon, but an objects mass is the same everywhere in the 
univ 'se. 

Applications of the second law will be considered 
shortly but first we will look at the Third Law of Newton. 

NEWTON THIRD LAW 

For every force (action) on A due to B there is an 
equal and opposite force (reaction) on B due to A. 

This statement shows us that forces always act in 
pairs. One object cannot exert e force on another without 
that other exerting an equal and opposite force on the 
first. This is often referred to as Newton's action- 
reaction law. Its greatest usefulness is in identifying 
forces on an object of interest. For example if we exert a 
force on the floor in order to walk forward, we know that 
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the floor pushing on us is one of the forces that determines 
our motion. 

First law examples - A heavy ball is hanging from a support 
by a string, a similar string is tied to a hook on the 
bottom of the ball and hangs out below, see Fig. 4-1. A 
downward force is applied to ; he lower string and gradually 
increased until a string breaks, which string breaks? Let 
us begin by looking at the forces 
on the ball. The ball is being 
lifted up by the upper string, 
Tl, while gravity, W, and the 
lower string, T2. are pulling it 
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down. Thus since before the string 
breaks there is no acceleration 
there can be no net force. Or 
Tl - w - t2 = 0. If we rearrange 
this expression we get Tl == W + T2, 
which tells us that the upper 
string will always be stretched 
more strongly than the lower one and thus it should break 
first. In class we showed that if we pulled the lower 
string very fast the lower string broke before the upper. 
This was because at the high speed the ball could not move 
enough to transmit the tension to the upper string before 
the lower string had exceeded its breaking point. A second 
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demonstration was that of pulling the table cloth out from a 
place setting of dishes etc. If the table cloth Figure 4-1 
is pulled slowly the force of friction between the cloth and 
the dishes is large enough to move the dishes with the 
cloth, however if the cloth is pulled very quickly the 
dishes do not receive sufficient force to accelerate at the 
rate of the tablecloth and the cloth is gone before they 
have moved significantly. 

Both of these examples show the tendency of objects to 
remain at rest unless acted on by a force sufficient to 
produce the required acceleration (this tendency is many 
times called the object inertia). In the first example the 
force necessary was greater than the strength of the string 
and in the second case the force was greater than friction 
could provide so the tablecloth slipped out from under the 
dishes . 

Second La w Example - 1200 Kg tractor is pulling a 400 Kg log 
with a cable, see Fig. 4-2. The cable exerts a force of 
2000 N on the log and there is a force of 800 N required to 
pull the log over the ground. Find the acceleration of the 
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First we focus our attention on the log. What forces 
are acting on the log? Since the motion is horizontal we 
need not concern ourselves with vertical forces. There are 
only two horizontal forces acting on the log, the force of 
the cable which we call the tension, T, and the force of 
friction F^. Thus the net force is; 

^net = T - Ff 

= 2000 N " 800 N 
= 1200 N. 

Now Nswton's second law permits us to calculate the 

acceleration of the log by; 

F ^ = ma 
net 

1200 N = (400 Kg) a, 
or, solving for a, we get; 

= 1200 N / 400 Kg 
a = 3 m/s^. 

This is the acceleration of the log or tractor since they 
are moving together. 

We might alro ask what is the force of the tractor 
wheels on the ground to do this job. We can answer this by 
shifting our attention to the tractor. The '^rces acting on 
the tractor are the pull of the cable, T, which by actions- 
reaction is pointing opposite to the direction of motion, 
and the force of the ground on the wheels, F^^eel' ^^^^^ 
the source of the forward motion of the tractor. For the 
net force we get; 
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net " wheel ' 

or F u T = F ^ + T. 

wheel net 

From the second law we can replace the net force with (Ma) 
where M is the mass of the tractor so; 

Wl = T 

= ( 1200 Kg) (3 m/s^) + 2000 N 
= 5600 N. 

Third L a w Examp le - We have used t third law several times 
in the examples above but we will point out one further 
application from the example above. If we look at the log 
and tractor as a single object and ask what forces are 
acting on that object we see that there are really only two 
because the force of the cable at one poxnt in our system is 
equal and opposite to the force of the cable at another 
point in the system. Thus the cable forces cancel out and 
the force of the wheels minus the frictional drag of the log 
becomes the net force on the system. We must be careful at 
this point to note that the mass of the system is the sum of 
the mass of the log plus that of the tractor (i.e. 1600 Kg). 
The second law would then say; 

Wl - Ff = (m + M) a 
5600 N - 800 N = (1600Kg)(3 m/s^) 
4800 N = 4800 N. 
The fact The fact that both sides are identical proves that 
our analysis is consistant whet" ^r we focus on the log, the 
tractor, or the combination. 



• PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 

PHYSICS SECTION 

CHAPTER 5 WORK AND ENERGY 

In our everyday use of the work we have a broad range 

■ of uses from our employment of job to those activities that 
tire us of the results of ones effort. In physics our 

I definition will relate to some of these concepts but it is 

^ much more specific than the range of meaning in our 

" language. 

ft In Pnysics our definition of work is that if we move an 

object with some force through some distance work has been 

■ done. The amount of work is given by the product (force) 
(distance) where the force used must be the component of the 

■ force parallel to the direction of motion. Algebraically 

■ this is expressed as; 

Definition — W = F for motion in the x 

^ direction, if the motion were in the y direction 

■ then the work would be F^ y. 

The implication here i? that work is not done unless the 

■ force produces a change in position. If you hold out your 
^ arm to the side with a book in your hand no work is done on 

the book as long as it does not move. Even after you get 
tired and your arm begins to hurt from maintaining that 
force you are not doing work on the book, because there is 

■ no change in position. The physiology of how the body 

^ provides the force through chemical energies is a digression 

■ you might like to study but one we cannot go into in this 

■ course. 
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Work against gravity is one of the most common tasks we 
do. Since gravity permeates the space about us we cannot 
escape its demands. If we were to lift a watermelon, say of 
mass 10 Kg from the ground to the table a height of 70 cm we 
ask what would be the work required? We know that the force 
to lift 10 Kg is roughly (10 Kg) (10 m/s^) or 100 N. Thus 
the work to lift the watermelon must be; (100 N)(0.7e m) , or 
70 Nm. 

The units of work come out in Nm (Newton meter) and 
this unit is comir ^ly given the name of joule. Thus we 
would normally say that the work expended to lift the 
watermelon is 70 j. In the english system the units for 
work are simply, foot pounds. Be careful to not confuse the 
units of work with the units of torque. The units of work 
are dimensionally the same, but mean something quite 
different. Torque is always force times a perpendicular 
distance and work is force times a parallel distance. 

The concept of energy is closely related to that of 
work. Energy is seen as having the capability to do work, 
or stored work. For example if we lift the watermelon to 
the table the watermelon, by virtue of its raised position, 
has the capability of working on something else as it 
returns to the floor level. This energy of position is 
called Pott ,tial Energy, PE. A change in potential energy 
can be calculated by finding the work required to accomplish 
the change in position. In our example the watermelon 
required 70 j to be lifted to the table so we say it has 
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70 j of PE with respect to the floor. Note that we only 

know how to find changes in PE, the zero of potential energy 

is not defined. By and large we will choose the zero to 

make our calculations easier. For the watermelon problem 

calling the floor zero is convenient^ however if we have a 

deep hole in the floor and want to consider dropping the 

watermelon down the hole we might choose the zero of PE as 

the bottom of the hole. This choice is not necessary 

because we can just call the PE minus as the melon goes 

below ground. The zeropoint is entirely arbitrary. 

Def init ion — The potential energy of gravity 
on the surface of the earth, ^^qravitv' ^® 
calculated by? = mgy ,^wKe):e^y is the 

vertical pos i t ion^aSovi^the selected zero of PE, 
m is the mass of the object and g is the 
acceleration of gravity. 

Another form of energy is that of motion of Kinetic 
Energy, KE. An object. A, that is moving can exert a force 
on another object, B, and move object B, as it. A, slows 
down. Thus the motion of A has performed work on B at the 
expense of the A motion. To better understand this let us 
consider the work done by a net force in the x direction. 

W = F ^ X. 

net 

From Newton's second law; 

F ^ = ma 
net 

so that; 

W = ma X. 



From our fourth kinematic equation (see Chapter 2), 

2 2 ^ 

o ' 

we get; 

a X = li/2) (v^ - V ^) . 

o 

We recognize this (a x) as appearing in the expression for 
net work above so we substitute to get; 

W = m (1/2) (v^ - v^^) . 
This is usually rearranged to; 

W = (l/2)mv^ - (l/2)mv^^. 

We now see that our work with the net force has produced a 

2 

change in motion where the quantity (l/2)mv is our measure 
of the work* We can now define kinetic energy; 

Definition — Kinetic energy, KE, is calculated by; 
KE = (l/2)mv^, 

and work by a net force is; 

W - KE - KE . 

o 

Someone might ask what is the KE of the watermelon if it 
falls from the table to the floor? We note that in falling 
gravity will work on the melon in the amount mgy, and this 
amount of work will produce a change in kinetic energy given 
by; 

W - mgy = KE - KE^. 

If the melon begins with zero KE then we get; 

2 

mgy = (l/2)mv 
2 

or V = 2 gy 

= 2(10 m/s^) (.70 m) 
V = 3.74 m/s. {12.3 ft/s or 8.4 mph} 
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Another viewpoint of the above discussion is that the 
potential energy of the melon before it fell is the kinetic 
energy of it as it reaches the floor. Or if we think of a 
quantity we call total energy^ TE^ which we define as; 

TE = PE + KE, 

then as the melon falls it has the same total energy but 

ini^-ially it is all potential energy and as it hits the 

floor it is all KE* Every increment of lost PE is gained KE 

so that TE is the same throughout the fall. Si ^e at the 

2 

top TE = PE = mgy and at the bottom TE = KE = (l/2)mv , our 
equation is the same as before; 

2 

mgy ~ (l/2)mv . 
This new perspective becomes a powerful tool for solving 
problems. 

EXAMPLE A 

In class we suspended a bowling ball from a cable in 
the ceiling. This made a large pendulum which we watched as 
it swung back and forth. From ^ he point of view of energy 
we note that at the outer endpoints the ball comes to rest 
and TE = PE^ while at the center the call is at its lowest 
point which we called zero PE so that TE = KE. At other 
points if we know the elevation we can calculate the KE and 
thus the velocity at that height. The ball was held off the 
instructors nose and then let fall^ when it swung back it 
could not ccine any closer than its initial position and 
therefore could not hurt the instructor (if the instructor 
doesn' t movel) . 



EXAMPLE B 

We talked about a ball rolling off of the bench. Say 
we had a ball rolling at .5m/s on a bench that is 0.80m 
above the floor. Find the speed of the ball as it strikes 
the floor. Initially the total energy has two contributions 
for it has both KE and PE; 

2 

TE = mgy + (l/2)mv^ 

= m(10 m/s^) (0.80 m) + (.5) (m) (.5 m/s)^ 
= 8m + .125 m (in joules) 
= (8 .125) m ( in joules) . 

Now the energy at the bottom is; 

TE = (l/2)mv^, 

note at the bottom PE is zero because y = 0 at the bottom. 
The total energy at either top or bottom is the same so we 
equate the two equations; 

(8.125)m = (l/2)mv^, 
so that after jting that mass cancels out 

= 16.25 m^/s^, 
or V = 4.03 m/s . 
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ROTATIONS AND CIRCULAR MOTION 



CENTRIFUGAL VS. CENTRIPETAL 

As we go around a corner in a car it is common to think 
of a centrifugal force throwing everything to the side of 
the car that is on the outside of the curve. In physics we 
call this a fictitious force although from inside the car it 
seems real enough, from outside the car the situation looks 
not only different but allows us to see that there is in 
fact no force in the outward direction. From the frame of 
reference outside the car we see each passenger moving in a 
straight line, as the car begins to turn the passengers try 
to continue in a straight line and the car is pulling out 
from under them, the only real force on the passenger is the 
force of the seat trying to force them inward on the 
circular path. Now we append this by saying that Physicists 
don't mean that the concept of centrifugal force is useless 
or wrong, in fact it is considered a useful construct for 
many purposes but we keep in mind it is not real. The real 
force that is acting is the centripetal force and it is 
radially directed inward. All circular motions must have a 
centripetal force to maintain that path. The size of the 
center seeking (centripetal) acceleration required to stay 
on a circle of radius r is; 



a 
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Newtons second law tells us the net force required to stay 
on that path is then; 

2 

F = mv /r, 

where F is radially pointed inward and is the centripetal 
force. For planets orbiting the sun the centt'ipetal force 
is gravity acting between the sun and the planets. If you 
swing a weight on the end of the string the string provides 
the pull to the center that keeps it on a circular path. 

When a car goes around the corner the force of friction 
on the wheels provides the force of the earth on the car's 
wheels that keeps it turning. Occasionally the friction is 
not sufficient, as on ice, and the car doesn't turn but 
rather continues on a straight line in a skid. Sometimes 
highway engineers bank the highway so that a component of 
the normal force of the road points toward the center of the 
curve and provides the necessary centripetal force without 
relying on friction (and thus the quality of the tires). 
Thus if we go around the curve at the speed it was iesigned 
for we won't skid even on glare ice, but if we go too slow 
we will slide down the bank and if we go too fast we will 
slide up the bank. Note that many highway departments post 
curve speeds that are not the exact speed they were designed 
for so that you can't always tell what the design speed of a 
curve is. 

TORQUE AND ROTATIONAL MOTION 

If we apply a force of 10N northward on one end of a 
long stick and a foirce of 10N southward on the other end we 

67 




woulo first note that the net force on the stick is zero but 
we would further note that such an action will result in the 
rotation of the stick about its center. This action that 
produces a rotation is called a torque. 



DEFINITION - Torque about an axis is calculated from the 
product of the force and the perpendicular distance from the 
axis to the force. 

T = F r 

perp 

Torques th^t cause counter-clockwise rotations, CCW, will be 
called + and those that cause clockwise rotations, CW, will 
be called negative. In general a torque is a vector whose 
direction needs to be defined but for this course we will 
suffice ourselves with the + or - sense defined above. When 
an object is in equilibrium not only its forces must be zero 
but also its torques must be zero. When two students are on 
opposite ends of a teder-totter and are balanced we say 
their torques sum to zero or there is no net torque. If 
student k has weight W^ and sits x^ to the left of the 
center support and student B has weight W^ and sits to 
the right of center as we view them from the side. The 
torque of student A is positive {force down on the left is 
CCW) and given by (W^) (x^) + (-W^) (x^) = 0 which can be 
rearranged to; (W^) (x^) = (W^) (x^) . 

This is many times called the law of the lever but it is 
just the balance of torques requirement. 



If the torques do not add to zero, rotational 
acceleration results, and an equation very analogous ^ 
Newtons second law describes that response* 



NEWTQNS 2ND LrtW FOR ROTATIONS 

T = I (a/r) , 

whei-'e I is the moment of inertia and plays the role of mass 
(inertia) in rotations. The factor a/r is a measure of 
angular acceleration where a is the acceleration at any 
point r from the center. 



The above relationship describes the response to a torque in 
the same way that F = ma describes the response to a force. 
In class we applied a torque to a bar with masses on it that 
accelerated rapidly when the masses were near the center of 
rotation and it accelerated slowly when the masses were out 
near the end. From this we concluded that the inertia to 
rotating systems depends not only on the mass but how far 

mass is from the cenl<^r of rotation. This is the 
concept of moment of inertia, moment of inertia is always 
proportional to mas& and the square of a dimension. Table 
6-1 below shows some typical moments of inertia for your 
comparison- Note that is it important to observe your axis 
of rotation, as different axis will have different moments 
of inertia for the same shape. By comparing the first two 
examples we see that when all the mass is in the outer edge 
as in the ring the moment of inertia is larger than when it 
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Taole 6-1. Moments of inertia for several 
symmetrical shapes around specific axes. 



Thin ring, mis through canttf 



SuhU iiitilof III (J^Sfc or cyiiiiUcr axiS through ctnttr 



thin iii*ilUfrii rUil .liib lhiuut|h LCiilttr 



Thiti liiiifuriti luU axis through unu end 



Uniform solid sphtrt. axis through ctnttr 




IS at a smaller radii as in the uniform disk where it is 
half as big. The metho by which these values are 
calculated is unimportant in this class but the qualitative 
feeling for where the mass is distributed and its impact on 
I should be noted. 

ANGULAR MOME.^Tlji 

Just as we had a momentum statement of Newtons second 
law; F = (P - Po)/t/ 

we now have its rotational equivalent in angular momentum, 
L, where L = I (v/r) . That expression is; 

T = (L - L0)/t. 
Torques change angular momentum the same as forces are 
required to change momentum. If we have no torques on a 
system then its angular momentum cannot change (It is 
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constant or conserved). This is the principle of 
conservation of angular momentum. 

EXAMPLES 

Our first example of conservation was as the instructor 
sat on the bar stool he gave himself some initial angular 
momentum while his arms were extended with masses in them. 
As he pulled the masses closer to his body the velocity of 
rotation increased, it he reextended them he slowed down. 
Now recall that the angular momentum has to be constant 
during all this because no torque is being applied. Thvs 
(I(v/r) does not change, if the instructor changes his I 
then (v/r) must change correspondingly so that their 
product, L, remains the same. As the masses are pulled in 
the moment of inertia is reduced so that (v/r) must be 
larger. If the masses are put at large radius I is larger 
and (v/r) must be smaller. 

For the second example we had some weights on the end 
of levers. As we spun the weights jround and watched them 
change velocity as we pulled chem in or let them out, we 
again noted that the small moment of inertia gave a large 
angular velocity. 

The third example demonstrated how a gyrocompass works. 
Since angular momentum is conserved when no torques are 
applied, can set a wheel in rotocion and its axis will 
point in the same direction no matter how our direction 
changes with respect to that motion. We therefore have a 
device that continually points in the direction it was 



started in. Note that this an absolute direction in space 
and so even the rotation of the earth may Le evident in the 
orientation of the gyrocompass. This becomes its meri^ in 
space navigation because its direction does not depend on 
the presence of earth. We also noted that if we supplied a 
torque on this spinning wheel its response was not in the 
direction of the applied force but rather perpendicular to 
the plane of the force and une axis of rotation. This is 
why when bicycles are moving very fast (and even more so 
motor cycles) they become difficult to steer by turning the 
handlebars, but are easily steered by shifting the body 
weight. The torque of tipping causes the wheel to respond 
by turning (sometimes called precessing) in the desired 
direction but applying a torque to the handle bars induces a 
rotation that works to tip the bike over or at least make it 
feel very skittery. 

ROTATIONAL KINETIC ENERGY 

The final analogy to linear (or translat ional) motion 

that we studied previously (Chapters 4,5) is that of 

ro*-ational kinetic energy. By now v;e should be used to 

writing angular analogue equations: 

KE^^, » (1/2) I (v/r)^. 
rot • 

Note that in conservation of angular momentum examples such 

as your instructor sitting on the bar stool, since angular 

momentum I (v/r) was constant but we noted changes in (v/r) 

the KE ^ must have changed. If we think for a moment we 
rot. ^ 

realise that this makes sense because it takes a significant 



force to pull the masses inward and thus chonge the moment 
of inertia. It is that work that we do pullinc, ♦-he masses 



angular momentum is conserved (or a constant) the rotational 
kinetic energy is not conserved because work must be done to 
move the masses, and that work changes the rotational KE. 
Rolling without slipping Many times we look at systems 
where rolling is involved and we need to describe that 
process carefully. If the center of the wheel is traveling 
forward with a velocity v then the outer raost edge of the 
wheel is rotating with such a velocity that the lower most 
point is moving backward with respect to the center of the 
wheel with the same speed v. Thi3 means that the ground and 
the edge of the wheel arr moving with the same velocity ^iLh 
respect to the center of the wheel and thus they are at rest 
with respect to each other i.e., there is no slippage. Thus 
the angular velocity (v/r) of the bike wheel and the speed 
of the center of the wheel with respect to the ground are 
easily related when we are rolling without slipping. The v 
in (v/r) is the velocity of the center of the wheel as it 
rolls without slipping. 

CONSERVATION OF TOTAL ENERGY 

As we consider the total energy of a rolling object we 
now recognize that there will be a kinetic energy of the 
wheel as it moves forward as well as a rotational kinetic 
energy because it is spinning. We are permitted to split 
the kinetic energy into these two parts. The first we call 



inward that produces the increased KE 



rot. • 



Thus although 
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Translat ional Kinetic Energy, KE^^^^ , and ie identify it as 

the kinetic energy of the center of mass of the object. The 

second part deals with the rotation about the center of mass 

and that is the KE . . Our expression for conservation of 

rot* 

energy is now; 

TJ = PE + KE. + KE^^. . 

tran. rot. 

Thus for objects rolling down the hill from the same height, 
they will all have the same total energy. If one develops 
more rotational energy it will develop less trans lat ional 
energy and thus move more slowly down the hill. On the 
other hand if it has less rotational energy it will then 
develop more translat ional energy and move down the hill 
with a higher velocity. Note that for two objects of the 
same mass rolling with the same velocity the one with the 
larger moment of inertia will have the largest ro' tional 
energy. Therefore, when predicting which objects will roll 
down a hill the fastest we need only look at the nioment of 
inertia to see wh^ch object will have the larger or smaller 
rotational KE. 
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PHYSICS SECTION 

CHAPTER 7 TEMPERATURE AND HEAT 

At this point we take a new tack and begin a different 
topic. Up to this point oul fundamental concepts of mass, 
length, and time were adequate for every new concept we 
developed. To enter the topic of heat and temperature we 
must introduce a new fundamental concept, that of 
temperature. 

Our earliest senses include the awareness of 
temperature and we are aware of hot cold differences. To 
quantify these observations we note that there are some 
physical phenomena that occur at precise and repeatable 
temperatures. We can use these phenomeni to define a 
numerical scale and then if we can find a physical property 
that varies with temperature we can calibrate that property 
to give us the proper measure at the standard po^'nts as well 
as find a measure for intermediary points. For example we 
note that the freezing point and the boiling point of water 
seem to occur at fixed temperatures at least with some 
controls like standard air pressure and water purity. We 
might define, as was done historically, the freezing point 
of water to be 0 and the boiling point to be 100. We then 
look for an object or system whose properties vary with 
temperature such as the volume or length of a substance. 
Say we are looking at the volume of a liquid trapped in a 
narrow glass tube. We put that tube in contact with melting 



ice and put a mark on the tube that corresponds to the 

■ volume at temperature 0. Then we put the tube in boiling 
water (at the standard pressure) and a mark on the tube that 

■ corresponds to the volume at temperature 100. We now divide 
B the space between the two marks into 100 equal spaces and we 

have a thermometer that can measure temperatures between 
I those two temperatures. We can also add marks of the same 

size above and below 0 and 100 to measure temperatures above 

■ or below the range we originally defined. This works as 
^ long as we don't get so cold that we freeze tue liquid in 
~ the glass tube or so hot that we boil that liquid. 

■ CELSIUS AND FAHRENHEIT 

m Our two most common scales are the Celsius and 

Fahrenheit scales. Celsius is the temperature scale of the 

■ metric system and thus the scale used most commonly 
throughout the world. Fahrenheit is the english system 

I scale and thus the one most commonly used in our day to day 

^ experiences. 

" The Celsius scale (previously called centigr^. e) or c 

B was defined, as we did in our example above, with 0°C being 

the melting point of ice and 100°C being the boiling point 

■ of water. However the scale is now defined by there being 
273.15 C° from absolute zero up to the triple point of water 

• and the triple point of water is at -.01°C. The concepts of 

A absolute zero and the triple point of water are to be 

discussed later but at this point they are mentioned as 
I experimentally observable points from which a temperature 
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scale can be defined. This definition yields a scale with 
the melting point of ice at 0 and the boiling point very 
clv.se to 100 but these later two points no longer define 
that scale. Mote that as we define the scale we define how 
large the temperature unit will be as well as where some 
point of the scale lies with respect to the defining points. 

The Fahrenheit scale or °F was originally defined with 
0 as a salted ice temperature and human body temperature as 
100. These points were more difficult to reproduce reliably 
and thus the defining points were shifted to 32 for the 
melting point ice and 212 for the boiling point of water. 
This produced a scale close to the original one but with 
more reliable defining points. Note that human body 
temperature is close to the old 100 (98.6) but no longer 
exactly 100. The cho. .e of 32 and 212 seems rather off the 
wall without the historical perspective but then so does 
273.15 C°. The primary point here is that one cannot argue 
that either scale is more logical or sensible to use than 
the other, the only issue of our nations converting to a 
different scale is one of whether we will march to our own 
drummer or conform to the choice of the majority of the 
world. The surviva" :>f our own economic strength will 
probably have a larger impact in that choice than our 
personal taste. 

Scale conversions are easily accomplished if we 
consider the way we have defin^^d our scale. Figure 7-1 
shows a temperature line on which the points for melting 
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and boiling are shown. We note that the range between 
melting and boiling for the Celsius scale is 109 C° and for 
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Figure 7-1. Temperature scales 
the Fahrenheit scale it is 180 F*^. We see that the ratio of 
Fahrenheit to Celsius is, 9 F°/5 C*^. There are almost 2 F^ 
for every C°. In fact this becomes an easy way to estimate 
conversions from one scale to the other. If you observe the 
Celsius temperature on a bank reader board double the number 
and add 32 to cjet the temperature in Fahrenheit. See if you 
can do it faster than the bank si \ does it. Of course it 
is easiest when the temperature is close to freezing. You 
will soon find that you are off by a degree or two because 
your doubling is an overestimate. To go the other way^ 
(from F to C) you must find out how far from freezing you 
are in °F, (i.e. subtract 32) then take 1/2 of that 
remainder and you will have your Celsius temperature. For 
more accuracy just use 5/9 instead of 1/2 or 9/5 instead of 
double . 



IerIc 



78 



We demonstrated that a set of metal cylinders of 
identical mass and radius ail heated to the temperature of 
boiling water would melt parafin very different amounts. We 
then conclude that different amounts of heat are drawn from 
these cylinders or that different substances of equal mass 
hold differing amounts of heat for the same temperature 
change. Thus there is a material property for different 
materials that tells us how much heat they absorb to change 
temperature by one degree. This quantity is called specific 
heat capacity and is defined by: 
c = A Q/m A T, 

where A Q is the heat required to change mass m of the 
substance a temperature change A T. The old units of heat 
are the calorie. This unit was chosen so that the specific 
heat capacity of water is one, or if we take 1 gram of water 
and raise if 1 then 1 calorie of heat has been added to 
the water. This definition of a calorie is quite different 
than the calorie that dieters watch. The dieters unit is 
the same idea (an energy) but it is really 1000 times larger 
than our definition. Dieters should call their unit a 
Kilocalorie. We will never use the misnamed calorie in this 
course. 

Op to the middle of the 1800's heat was not seen as an 
entity that has a relationship to mechanical energy as we 
have discussed previously, and thus its units developed 
separately. Since we now recognize heat as a form of energy 
these old units of calories are more commonly re^^laced by 




joules where 4.2 joules equal 1 calorie. We will continue 
to use units of calories in our subsequent discussions. 
Table 7-1 shows some typical specific heats. 

Table 7-1. Specific heat capacities of 



Substance 


a few substances 

Soecific Heat Capacity 
J/Kg C° Cal/g C° 




5190 


1. 


24 


water 


4186 


1 . 


0 


ice 


2100 


e 


50 


steam 


2010 


0. 


48 


wood 


1700 


0. 


40 


air 


1050 


0 . 


25 


a 1 urn i num 


923 


0. 


22 


steel 


460 


0 . 


11 


copper 


390 


0 . 


093 


mercury 


138 


0 . 


033 


lead 


128 


0. 


031 



A low specific heat capacity (or specific heat) means 
that a small amount of heat is all that is necessary to 
raise an object 1 while a large specific heat means that 
a large amount of heat is required to raise the object 1 C^. 
We now invert our definition of specific heat so that we can 
find the heat required to raise a given object a certain 
amount. AQ = mc AT, 

or more commonly, 

Q = mc AT. 



LIQUID - SCLID - VAPOR 

Another important property of materials is their 
ability to rhange form. We are fairly familiar with the 
solid, liquid, and vapor forms of matter. These forms are 
called phases and there are in fact four phases of matter, 
the fourth one being the plasma phase. If we add heat to a 
solid substance we find that it warras up as in the previous 
discussion until it reaches its melting point. Figure 7-2 
shows a graph of temperature versus heat added for water. 
Note as we start out in the lower left the 1 gram sample of 
material is a solid (ice) and warms up to its melting point 
of 0 since c^^^ = .5 cal/g . At the melting point 
although we add heat the temperature does not change, at 
this point the additional heat is transforming the material 
from a solid to a liquid. Note this means that the 
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Figure 7-2. Temperature versus heat added 

for water 



transition from one phase to the other can only occui 
when the line on the graph is horizontal (i.e. constant 
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— temperature while heat is increasing) . Here we see 

that 80 cal were required to complete the transition from 

■ solid to liquid for the 1 g sample. As heat is continuing 
to be added the liquid now responds with increasing 

I temperature. It requires 100 cal to go from 0 °C to 100 

since c = 1.0 cal/g Now at the boiling point of 

■ water 

■ 100 °C we begin to convert liquid into vapor (or gas) and 

■ again the temperature does not change since the energy is 
being used to transform ..he phase rather than increasing the 

■ temperature. Thus the line is again horizontal until the 
transformation is complete^ some 540 cal later. Further 

I heating now causes the vapor (steam) to get hotter and we 

^ note that since the specific heat capacity of ?team^ ^steam 

■ = 0.48 cal/ g C° it takes 4.8 cal to raise the temp of steam 
I to 110 °C. Although wo terminate the data at that point if 

we continued to heat the steam to higher and higher 
I temperatures at temperatures of over 100^000 the 

molecules would have enough energy to fragment themselves 

■ into positive and negative charged pieces and the next phase 

■ change, to the plasma phase, would begin* This is obviously 
an experiment we can't easily watch since no container will 

■ withstand those kinds of temperature. Plasmas can be 
observed in laboratory situations but they are generally 

I created electrically rather than by heating. The uniqueness 

m of the plasma is that it is a mixture of charged particles 

in a gas like condition. The presence of charge seriously 
I affects the way these particles behave. While plasmas are 



difficult to obse ve on earth t> are th^ phase that most 
star matter is found in so that the most common phase of 
matter in the universe is that of plasma. 

HEAT TRANSFER 

Conduct ion - When we stir our coffee with a silver spoon we 
note that after a short time the handle is bfecoming hotter. 
Since the air around the handle is not that hot we conclude 
the heat must be coming up the handle from the coffee. This 
is the process of heat condujtion. In general when heat is 
conducted we find that the heat is transferred from atom to 
atom as energy^ as this energy is passed along froia neighbor 
to neighbor we sense the rise in temperature as the energy 
arrives and note the conduction process. Different 
materials conduct heat at different rates so that their heat 
conduction is another property that can be measured. We 
will not quantify that process but we noted in a 

"^monst rat ion that heat wr.s conducted down aluminum and 
copper rods much faster than it was down stainless steel. 
Convect ion - In the previous discussion energy was passed 
from atom to atom but the atoms themsexves did not move any 
further than their random oscillations about equilibrium. 
A convection process on the other hand tak^js the molecules 
that have the I'lermal energy and moves the energetic 
molecules to the position where that energy is des'red. 
Thus convection infers motion of the heated material, 
"sually convection i? subdivided into the catagories of 
forced convection and natural convection. La example of 
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forced convection is when the furnace creates heat in the 
fire box it doe--* not warm the nouse very well so we take a 
fan and blow th'^ heated air to the parts of the house where 
it is needed. Pushing the heated air to different locations 
by a fan is one example of forced convection. Taking a 
heated stone and placing it near your feet in bed is another 
example. On the other hand natural convection is a process 
tuat occprs only in fluids. By fluids I mean materials that 
flow, they may be either liquids or gasses. For example a 
hot stove sitting in one corner of a room warms tne air 
around it as this air gets warm it expands. Since the mass 
of heated air doeb not change but its volume increases we 
see that it has a lower density (Density = mass / volume) . 
Now objects with lower density will float in more dense 
fluids so the heated air rises up until its density rs equal 
to its surroundings or it hits the ceiling. Since the air 
has left the proximity of the stove seme new cooler air must 
come in to replace it this air is now warmed until it is 
lighter than its surroundings and it also rises. As this 
process continues a current of air is set up called a 
convection current that continuously moves the previously 
warmed air away from the stove and across the ceiling where 
as it cools it returns to the floor level where it moves 
back toward the stove and reheating. Thus the stove heats 
the whole room far better than simple conduction could have 
done. As you heat pans of clear liquids on the stove you 
can many times observe convection currents as the hec.ted 



fluid rises from the bottom of the pan cools at the upper 
surface Oii the liquid and then falls back to the bottom. 
Rad iat ion - The need for a third mechanism of energy 
transfer is evident when we seek to explain how the sun's 
energy gets to the earth after traveling through a space 
where there are almost no molecules, certainly not enough 
molecules to expla in the flow of energy we experience . 
Radiation is a flow of energy in a wave motion where the 
wave is an oscillcJting field rather than oscillating 
particles. Thus this method of energy transfer does not 
require the presence of intervening matter. It, however, 
occurs even when other matter is present so that it is a 
competing process in that some heat may oe lost by radiation 
while some heat is lost as well by convection and 
conduction. You can detect the loss of heat of a light bulb 
by radiation if you hold your hand near the bulb as it is 
switcned on. Immediately you can feel the warmth of the 
newly lit bulb, as time procedes you will note the 
surrounding air getting warmer by conduction and convection 
but tliat first sense of warmth is the radiation coming to 
your hand. Different surfaces may radiate or absorb energy 
faster than others. Objects that are black absorb visible 
radiation easily and many times absorb the nonvi;>ible 
radiations as well. If they absorb easily thoy also radiate 
easily. Shiny reflective objects on the other hand ar*' poor 
absorbers or radiaters. This is why your thermos bottle is 



coated with a mirror like finish. That way it does not 
radiate away the energy of your heated contents or absorb 
heat from the surroundings if your contents are chilled. 
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CHAPTER 8 STATIC ELECTRICAL PHENOMENA 

Electrical phenomena have been observed since the 
beginning of time* In the world arv/und us we feel static 
cling, za-DS as we slide across the car seat, clean dry hair 
that won't lie down, lightening storms, as well as the 
electricity that comes out of the wall socket and all that 
it does. The simplest form of electricity is that produced 
by rubbing two objects together. For example we take some 
animal fur and rub it on a black plastic rod and note that 
both objects ar^ charged. The presence of charge can be 
detected by that object's affect on other objects. For 
example the charged rod will attract other objects like a 
piece of wood that is free to rotate or a styrofoam ball 
suspended on a string. In one case we took a styrofoa.u ball 
coated with a black conductive coating. The ball was 
attract to the rod and moved until it touched the rod at 
the instant of contact the ball was seen to jump back from 
the rod and then it was repelled by it. We postulate that 
the charge from the rod was trans^^erred to the ball at the 
instant of contact and then since the rod and the ball had 
the same cha-ge they repelled each other. Our experiments 
went on to show that there were two types of charge in that 
when we rubbed a glass rod with silk the resulting charge on 
the glass rod attracted the ballswhich had been repelled by 
the black plastic rod. If we then discharged the balls and 
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allowed them to touch the glass rod they were repelled by 
the rod and each other. We thus concluded that similar 
charges repel each other and dissimilar charges attract. We 
chose to follow Ben Franklin's convention that the charge 
found on the glass rod would be identified as positive (+), 
and the charge on the black plastic rod would be negative 
(-) . 

On the atomic scale this transfer of charge by rubbing 
is seen as the separation of charge from one atom to the 
other. Two objects actually strip electrons (or 
occasionally positive ions) from each other and thus the 
previously neutral pieces now have a net charge. Whatever 
positive charge is accumulatad on one will be the amount of 
negative charge on the other. 

These charges exert a force on each other that is very 

similar to the force of gravity. Newtons law of gravitation 

was F = GmM/r^ as used in astronomy. Notr that if you apply 

this to the force of the earth on objects at the surface of 

2 

the earth the law can be rearranged to; F = m(GM/r ). The 
quantities in the parenthesis are all constants for 
different objects on the surface of the earth since M is the 
mass of the earth, r is the radius of the earth and G is the 
universal gravitation constant. Thus the quantity (GM/r ) = 
g » 9.8 m/s^ and the F = mg that we have used is just a 
special case of the general law. The torce law for 
electricity is F = (9xl0^m^N/coul^) qQ/r^, where q and Q are 
the charges, measured in coulombs, on two objects a distance 



0' 86 



r apart (from center to center). This law gives us the 

force on one object due to the other it is a vector pointing 

away from the other ob3ect for positive forces. This means 

that i : the two changes have the same sign they are 

repulsive and if they are f opposite sign the forces are 

att rac t ive so that the equation is consistant with our 

experimental observations. This equation actually tells us 

how big a coulomb is in that if we have two charges of 1 

coul each separated by a distance of Im they will produce a 
9 

force of 9x10 a very large force. Thus 1 coulomb is an 

extremely large charge r if we could put that much charge on 

the two objects we could likely build a structure that could 

hold the two balls at that distance. If we work with 

IT Icrocoulomb quantities the force will become easily 

manageable and then a measured force at a given separation 

2 

will tell us how large the product qQ in (coulombs) is 
between the two objects. If we had charged the two objects 
equally the charge n one of the objects is then measured 
(i.e. the squ«je root of qQ) . There are easier ways to 
measure charge that we will get to^ but for now we have a 
def inition. 

THE ELECTRIC FIELD 

When we talked of a gravitational force we mentioned 
that our use of F = mg was a special case of Newtons law of 
gravity where g was a constant on the surface of the earth. 
We could have called g the gravitational fielJ str'2ncrth 
where g « F/m. With this definition g is no longer thought 



of as a constant but rather a variable that exists 
throughout space. As a number it will be the acceleration 
an object will experience at that point of space. Of course 
across the surface of the earth it is still reasonably 
constant but as we leave earth and look at other points of 
space it can vary considerably. Our definition of Electric 
field is very analogous. Since jharge, q, plays the roll of 
mass in the equation for electrical force we say the 
ele>.*,ric fields is given by; E = F/q or if we know the 
field at some point the force on charge q at that point is F 
= qE. It is easiest to think of the electric field as the 
electric force on a charge of +1 coul. The shapes of 
electric fields around different objects are instructive in 
terms of where we expect strong or weak electrical forces. 
Figure 8-1 shows three electric field configurations. 




Figure 8-1. Electric Fields of a few shapes 
Frame A shows two point conductors of opposite sign^ Frame B 
shows two parallel strips of conductor^ and Frame C shows an 
irregular shaped conductot opposite a flat strip of 
conductor. We simulated these in class with grass seed in 
oil and charging provided by the electrostatic generator 
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(sometimes called a van de Graff). The similai.ity to iron 
filings and magnets is also striking. The important 
observations of these drawings are that the electric field 
lines always enter or leave a conductor perpendicular to 
that surface. We also note that regions with lots of lines 
are strong field regions, and regions with only a few lines 
are weak field regions. For example in Frame A the lines 
are closest together at the points of the charges where the 
field; 

E = F/Q = (9xl0^m^N/coul^)Q/r^, 
is larger because r is smaller. In frame C we see another 
region of large .ield around the point. 

E LECTRIC POTENTIAL 

Since the electric field represents the force on a 
charge of one coulomb and if we move that charge in that 
field we must be doing work or creating potential energy. 
The potential energy per unit charge is defined as the 
Potential, V; 

V = PE / q, 

or 

PE = qV. 

We see that potential energy and potential are closely 
related ideas but that they are not identical. The units of 
potential are obviously (joules / coul) , but this unit is 
given the name of Volt so that 1 Volt « 1 joule / coul. The 
volt is our common unit of potential in the OS so that in 
electricity we have already gone metric. Thus particles 



with high electrical potential are analogous to objects with 
high gravitational potential like on top of £ mountain, and 
objects with low (or negative) potential are analogous to 
objects in deep valleys or holes. The high potential point 
means that charge falling from there can c^o lots of work but 
as it does it loses that potential to the work '.t is doing. 
One subtlety that shoul be noted is that a (-) charge at a 
(-) potential can do positive work, or a minus charge that 
is at a low o*: negative potential is the same as a positive 
charge on top of the mountain it is capable of delivering 
some work. 
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CHAPTER 9 CURRENT ELECTRICITY (CHARGES IN MOTION) 

In the previous discussion we have looked at charge and 
supposed it to be stationary. Since most of the materials 
we looked at did not permit motion of the charges we note 
that materials can be classified by those that permit 
charges to flow (called conductors) and those that inhibit 
the motion of charge (called insulators). We certainly 
recognize there are materials which can transfer charge 
rapidly such as metals. In this section we will focus on 
the ability of a material to restrict the flow of charge 
through itself, a property we call resistance. Before we 
can define resistance we need to take note of some physical 
experiments. If we apply a voltage across a material we may 
observe a current flowing through it. If we choose a 
conducting material the current will be easily detected. If 
the material is a good insulator that current may be 
exti.emely difficult to measure but it is nevertheless there. 
For now lets think of the easy case; so our material is a 
metal say a piece of iron wire. We move charge to one end 
of the wire say the electrons that are accumulated at the 
negative end of a battery. If we attach the other end of 
the wire to the positive end of the battery then the 
electrons are drawn from the negative end of the wire to the 
positive end. The battery then lifts them up in t^nergy 
(remember that minus charge at negative potential is a 
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positive PE) by sacrificing stored chemical energy where 
they can then retrace the previous path through the wire. 
Now if we perform this experiment with a device that 
tells us how many electrons per se^ jnd are parsing through 
our wire then we can quantify the charge flow. We call the 
current, I, the charge per second passing some point in our 
wire. The units of current are coul/s which is defined as 

an Ampere, Since we know that each electron carries 

-19 -19 
1,6x10 coul then I = n(l,6xl0 coul) where n is the 

number of electrons per second. The current will then be in 

amps. Actually it is easier to measure the current, I, and 

that is what we will do from here on. 

If we connect different voltage sources up to our wire 

we would find that the current flow was different for each 

voltage, A graph of voltage versus current will result in 

data that is, for most materials, a fairly straight line. 

Figure 9-1 shows such a plot. The larger the voltage across 
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Figure 9-1 



the resistor the larger the flow of current through it. 
This is a demonstration of Ohms Law. 



OHMS LAW - The current, through an object is usually 
proportional to the voltage, V, across it. rne constant of 
proportionality is called "Resistance", R. Mathematically 
it is expressed; V = IR. Materials for which R is constant 
are called Ohmic and those for which R is not constant are 
Nonohmic. 



The units of resistance are (volts/amp) which is given the 
name of ohm so that 1 ohm = 1 volt/amp. We see that 
resistance tells us how the current flows for a particular 
voltage* If the charge is given a particular potential it 
can fall to zero more easily through a small resistance than 
it can through a large one so a large current flows through 
the small resistance and vice versa. Although no material 
is perfectly ohmic through all extremes of conditions 
(pressure, temperature for example) , most materials are 
ohmic for a large range of conditions. Most materials 
become nonohmic when the current through them is large 
enough to begin heating them faster than the surroundings 
can cool them. 

From the above discussion it is obvious that 
temperature is one factor that affects resistance. What are 
other factors that affect resistance? The size and shape of 
objects is important. For example if we have two identical 
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I lengths of wire and we connect one from the plus pole of a 
^ battery to the Hiinus pole a certain current will flow if we 
" connect the other wire to the same place the same current 

K will flow through it and thus the battery is losing twice as 

much current through the two wires as it would through one. 

■ If we push the tvo wires close together so that they become 
^ like one wire they still draw the same current so we say 

" that the end area (or cross sectional area) of the wire is 

■ dou*>led and its current carrying capacity .s doubled. If 
for the same voltage a wire carries twice the current then 

■ it must have half the resistance so we conclude that 
resistance is inversely proportional to area. A big pipe 

II can carry more wa(:er and a big wire can carry more current. 
m Another important factor in the resistance is the 

^ length of a wire. Again let us think of two identical wires 

■ but this time we will connect one end of one to the plus 
pole and one end of the other wire to the minus pole now we 

m connect the two free ends to each other. Since they are 

^ identical they must lose equal amounts of energy or 

■ potential. Since the total potential loss across the pair 
S is the original potential, W^, then the potential drop 

across each wire must be half of the origina] potential or 

■ (1/2) V . That is to say if we had a 12 volt battery there 

■ o 

would be six volts across each of the wires. Since they 

■ have only half of the potential across them they must have 

■ half of the current they would have if they were directly 
across the original potential. Now the current that flows 
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through one wire leaves that wire and continues through the 
other wire so that the combined wires carry half of the 
current while across the potential v^. The resistance of 
the combination is thus twice that of either wire. Our 
conclusion is then that doubling the length of the wire will 
double its resistance. The two size and shape factors for 
resistance are the crossect ional area and the length. The 
larger the cross section the smaller the resistance and the 
longer an object is the larger its resistance. We observed 
this directly by observing the change in resistance of salt 
water held in a rubber tube. As we stretched the tube the 
resistance got larger in part because of the increased 
length and also because as it stretched it got rkinnier, if 
we pinched the tube the resistance increased due to the 
reduction in crossect ional area of the conduction path. 
Electrical Connections - As we connect more than one 
electrical element to a source of electricity we recognize 
that there are several different ways that connections might 
be made. The two most common are identified as series and 
parallel. Figure 9-2 shows a circuit diagram of these two 




Series 

Figure 9-2. 



Parallel 



Series and parallel connections 
(or circuits) 
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types of connections. A circuit diagram represents the 
electrical connections that must be made^ however^ while in 
the diagram wires are always drawn in neat straight lines in 
actuality they need only go from one connection to the other 
and any route is as good as the other. The wires may twist 
and wind but the connections are all that matters. Notice 
also in Figure 9-2 that standard symbols for batteries^ 
switches and resistors are indicated. Note^ many times the 
resistor represents the electrical device we are interestea 
in. Electrically it is only a resistance even though to us 
it may also be a lights a fan, a stereo, a curling iron, or 
many other electrical devices. 

The series combination shown in Figure 9-2 A is 
characterized by the fact that there is only one path for 
electron flow the current that flows through one device must 
also flow through all subsequent devices. There are no 
branching points in a series circuit. The driving potential 
is divided up between the elements of the circuit so that 
the total of the individual potential differences is the 
potential of the source (in this case the battery). 

total 1 2 
In this case the potentials V^^, and etc. are the 

potential differences of each element in the circuit. Since 

the current never divides the current flowing at any place 

in the circuit is the current flowing at all other points. 

For the parallel combination we note that the c»^rrent 

flow divides into branches some of it going through 



rasistor- 1, more through resistor 2 and the remainder 
through resistor 3. Parallel combinations can split into as 
many branches as desired. Since it is the current that is 
divided in the elements of a parallel circuit we note that 
every element has the same voltage across it but we must sum 
the currents for the totc.i current provided by the battery. 

I = T + T + • • • • 

^total ^1 ^ ^2 
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CHAPTER 10 ~ MAGNETISM AND ELECTROMAGNETISM 

The presence of magnetic fields is something that most 
people have experienced from ear: childhood. In fact the 
most common explanation for peculiar behavior of objec:s is 
"it must be done with magnets". There is a great confusion 
among people about the difference between gravity, 
electricity ani magnetism. Many people (non scientists) 
think of them as the same thing. In this chapter we will 
show an important and strong connection between electricity 
and magnetism but they are not the same forces* Can you 
think of tests to show that gravity, electricity, and 
magnetism are not the same? 

The presence of a magnetic field is easily detected by 
inserting small bits of iron (filings) in that region. If a 
field is present the iron will be oriented by the field and 
that orientation is visually very obvious. For example iron 
filings are sprinkled around a bar magnet and give a 
patterns as shown in Figure 10-1. The oriented filings seem 
to flow from one end of the bar to the other. The two ends 
of the bars are called poles and as we play around with two 
such bars we find that in one orientation both ends attract 
and in the reverse orientation both ends repel each other. 
As we try different combinations with several magnets we can 
find that two poxes which are attracted to a third pole wil] 
repel each other and we come to the conclusion that like 
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Figure 10-1. Magnetic field of a bar magnet 
seen with iron filings 

poles repel and unlike poles attract. We further note that 
we can give a direction to the flowing lines of magnetic 
field we see with our filings. We define the flow as the 
direction of push on a north pole placed at that location. 
The two kinds of poles are given the names of north and 
south because if they are suspendec' on a slender thread one 
pole of the magnet will orient itself toward the geographic 
north on the surface of the earth, the other pole then 
pointing more southward. Thus a north seeking pole is 
called a north pole and a south seeking pole is called the 
south pole of a magnet. This brings us to the most 
disturbing of paradoxs, that is that since unlike poles 
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attract/ all the north pointing poles must be drawn to a 
south magnetic pole at the north pole of the earth. Thus 
the earths geographic north pole is a south magnetic pole. 
Although at first glance this sounds impossible^ or to be a 
contradiction in terms^ it is in fact true and once being 
recognized it is no longer a problem^ thats just the way it 
is. Figure 10-2 shows a sketch of the earths magnetic 



field. Note its similaxrity to the field of a bar magnet. 




Figure 10-2 A. The Magnetic Field of the earth. 

B. Magnetic corrections (declination) for 
true north in the U.S. 



Also note that the magnetic poles are not on the geograpnic 
poles. This means that a compass does not point exactly 
north. In fact in this part of the world it points N20^ 
east of north. If you are using a magnetic compass for 
navigation you must remain aware of this correction called 
magnetic declination which varies by quite a bit, see Figure 
10-2B. As we further look at the field configuration we 
note that the field is parallel tc the earths surface only 
near the equator at other lattitudes it has a vertical (or 
radial) component that in the northern hemisphere is 
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downwaiTd (or radially inward) and in the southern hemisphere 
is upward (or radially outward) from the earth. 

MAGNETIZATION OF MATERIALS 

We will find that some atoms are magnetized and that is 
a fundamental property of the atom. Typical strong magnetic 
atoms are Iron (Fe) , Nickel (Ni) , Cobalt (Co) , and 
Gadolinium (Gd) . Some atoms or molecules that show a weak 
magnetic field are Oxygen (02)/ Sodium (Na) , and Nitric 
Oxide (NO) . The first group are those that we most commonly 
think of as magnetic (called ferromagnetic) and can be made 
into perman^jnt magnets while the second group (called 
paramagnetic) are never found as permanent magnets but can 
be attracted by a strong magnetic field. We showed in class 
that liquid oxygen (a paramagnetic liquid) would hang in the 
gap of a strong magnetic field. 

But we are still drawn to the puzzle of why some pieces 
of iron exhibit a permanent magnetism and other pieces of 
iron are attrac^v^od by a field out are not permanently 
magnetized, ^et us look at the behavior of a collection of 
small compasses. If we set them close enough to each other 
so that they interact with each other and then take a bar 
magnet near the top of the set with enough stirring motion 
that all of the compass pointers are spinning, and then 
remove the bar magnet. We note that they slow down and 
point in a variety of directions but within small regions 
they point in a consistant direction (see Fig. 10-3a) . On 
ths other hand if we slowly draw a pole of our bar magnet 
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near the compasses from righc to left and on away the 
compasses all align in oae direction (Fig. 10-3b; . This is 
a good analogy to the behavior within a ferromagnetic 
material. While all the atomic magnets are alligned with 
their nearest neighbors there will be regions (called 
domains) of these oriented atoms that are oriented in 
different directions. This is the situation for 
unmagnetized iron in which the domains of alligned atoms are 
randomly oriented so that there is no net magnetic field on 
the overall scale but there is magnetic field within each 
domain. When we expose that unmagnetized iron to a strong 
magnetic field the domains that are alligned with that field 
begin to orient the atoms on their boundaries so that those 
domains grow in size at the expense of their neighboring 
domains. Thus, after the strong magnetic fieli is removed, 
the sum of the fields from the domains is now in the 
direction of these larger domains and the iron has a 
permanent magnetic field, it is a megnet. 

MAGNETIC FIELDS ASSOCIATED WITH CURRENTS 

if we place iron filings or a small compass needle near 
a wire carrying current we find that there are magnetic 
field lines oriented in circles that are perpendicular to 
and centered around the current carrying wire. We thus 
discover the first link between electricity and magnetism, 
that moving charges (currents) can create magnetic fields. 
We then explored several combinations of wires wrapped into 
coils or spirals and found even stronger fields as we 
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increased the number of windings- Figure 10-3 shows the 
field for a loosely wound spiral carrying current. We 
should note that the field looks very similar to that 
observed for a bar magnet. This becomes our first clue that 
perhaps all magnetic fields are the result of current loops. 
Indeed when we think of atomic electrons circulating about a 
nucleus it is easy to see the origin of magnetic fields from 
these microscopic current loops. We also find that 




Figure 10.3. The magnetic field of a spiral 
carrying current 



spinning g electrons produce a magnetic field as a result of 
that spinning charge. Because of the way that the electrons 
combine in complicated atoms, for many atoms the combined 
spinning and orbiting contributions for the electrons cancel 
out and there is no net magnetic field, but in a few atoms 
there is not complete cancellation and thus we have magnetic 
atoms. Virtually every magnetic field we encounter can be 
explained in terms of current loops, however, some 
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Physicists are scill searching lor an element of magnetic 
charge (called the magnetic monopole) that, like an electric 
charge which creates an electric field, becomes a point 
source for the magnetic field. Regardless of the success of 
this search, it is clear that the origin of most magnetic 
fields tlTiat we deal with is due to current loops and is thus 
always found with two poles. 

FORCES ON MOVING CHARGES 

The second connection between electricity and magnetism 
is that if we watch charges move through a magnetic field we 
find that they are Reflected by that field. Magnets located 
close to electron beamb show this very clearly. For example 
if a bar magnet is held close to a black and white 
television screen the magnetic field will radically distort 
the image on the screen (don't try this on color TV because 
the magnetic field can damage the precision focusing 
required for color pictures and you will need a repairman to 
demagnetize your set) . The distortion is because the 
magnetic field bends the electron beam as it approache? the 
screen from behind and it strikes at a different point than 
it was supposed to. We can also observe this effect ^ith a 
current running down a wire in a magnetic field. If the 
current flows perpendicular to the field the wire will bo 
thrown sideways out of the field perpendicular to both the 
field and the direction of current flow. If the field is 
strong enough and the current large enough the effect is 
quite dramatic. We can capitalize on this effect by running 
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current through a loop of wire in the field oo that one side 
of the loop is pushed down while the other .side is pushed 
up. This coil can be constructed on an axle then where it 
could be made to spin. This device is the beginning of an 
electric mot.r. Special electrical connections are required 
to keep the motor turning in the desired direction, but for 
our purposes we only note the source of the force that turns 
the motor is the force on a current flowing in a magnetic 
field. 

If a piece of metal is pushed through a magnetic field 
the charges (electrons In that metal) will be pushed to the 
side of the metal. Now forces on charges neans that the 
charge is in an electric field or that the motion of the 
metal in a magnetic field is generating an electric field or 
an electric potential. If the piece of metal is a wire, 
whose length is in the direction of that sideways force, the 
charges will flow along the wire, and we see that we can 
generate a current by forcing a wire through the magnetic 
field. This is the f unda:uental idea on which a generator is 
constructed. In a sense this is the inverse operation of a 
motor in that in a motor we send electricity to the device 
and it begins to rotate from which we can extract mechanical 
work. On the other hand if we do mechanical work to turn 
the coil in the magnetic fiel^ we can generate electricity 
flowing in the coil and thus extract electrical energy. 

While the case of the motion of a conductor in a 
magnetic field has been discussed we also find that motion 
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of the magnetic fieJ.d with respect to a fixed conductor also 
produces a potential in that material. That motion can be 
produced either by moving the source of the magnetic field 
or if it is an electromagnet turning the electromagnet on or 
off or by changing the current through that electromagnet. 
Whatever the reason for the changing magnetic field it will 
produce a potential in space that will force charges to flow 
if there is a conductor present. We capitalize on this 
effect in a device known as a transformer. Ws apply an 
alternating plus then minus voltage to a coil of wire. This 
alternating voltage is the kind of electricity we find in 
the electrical outlets supplied by the local electric 
utility, (called AC for alternating current). The 
alternating voltage applied acr ss the coil causes a current 
to flow that alternates in direction in response to that 
voltage. As the current oscillates in the coil the magnetic 
field also oscillates through the coil first one way through 
then the other. If we then place another coil near that 
first coil the new coil will experience the changes in 
magnetic field from the first coil and the resulting 
potential from that will cause currents to flow in the new 
coil. These new currents will also be alternating currents 
since they are derived from an oscillating field. We also 
noted Lenses law which stated that the induced current would 
flow in a direction such that the field created by the new 
current flow would oppose the change in the field that 
created it. This basically says that the situation opposes 





charge and any change we impose on the system will result in 
a response that tries to counter our initial change. if we 
add another loop to our coil we are adding the potential per 
coil to uhat that v/e had previously. Thus we can increase 
th^ ' ltag<^ out by increasing the number of loops, 
(sometimes called windings), and decrease the voltage by 
decreasing the number of loops on the coil. Thus a 
transformer can change the size of the potential available 
perhaps down to 6 volts or up to 1000 volts. Whatever we 
desire can be generated just by changing the number of 
windings. Note aliio that this could not work if we used a 
constant voltage like we get from batteries. It is the 
oscillating voltage, current, and magnetic fields that are 
critical to its operation. 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS SECTION 

CHAPTER 11 — PROPERTIES OF LIGHT AND OPTICS 

We have talked about the existence of Electric and 
Magnetic fields and even how oscillating magnetic fields 
will produce oscillating electric fields or potentials. The 
simultaneous oscillation electric and magnetic fields is 
called an electromagnetic wave and it is a wave that moves 
perpendicular to the direction of the field oscillation. 

At this point we need to discuss briefly the nature of 
a wave and some of its characteristics. The best example of 
a wave is that of surface waves on water. When we drop a 
rock into the lake we see the waves (or ripples) move 
outward from the point where the rock strikes the surface. 
These waves form a circular pattern that expands away from 
the point of impact but centered on it. As we look closely 
at the motion of the water when waves pass through it we see 
that the water itself primarily goes up and down, it doesn^'t 
move in the direction of the wave's motion. The wave motion 
is an obvious motion in the shape of the surface of the 
water caused by primarily vertical oscillation of the 
water's surface. The waves can be measured in terms of 
three quantities. The wavelength , /\ , of a wave is the 
distance from one crest to the next crest measured in 
meters. The frequency, f, of a wave is the number of cycles 
per second that any constituant of the wave oscillates with. 
The velocity, c, of a wave is the change in position per 
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unit time of any point on the wave such as the crest or a 
valley. The frequency is very closely related to another 
property known as the period, T. You may remember that in 
our first laboratory we measured the period of the pendulum 
as the time to complete one cycle of oscillation or one 
round trip. Thus the period is the time to complete one 
cycle or thus it is the number of seconds/cycle. The 
inverse of this number must be cycles/second which was the 
units of frequency an^l indeed we can readily convert from 
frequency to period or vice versa whenever reriired by f = 
1/T or T = 1/f. The frequency unit of cycles per second is 
given the name of Hertz after a famous physicist who worked 
in the foundations of electromagnetic waves. This unit is 
abbreviated as Hz and you may note that the dial of your 
radio has vlues that are in KHz or Mhz which are the 
frequency ranges in which you can tune your radio. Now if 
our crest moves a distance /\ in one period of oscillation T 
then the velocity must be c = /\ / T in meters per second. 



Thus the parameters wavelength, frequency and velocity 
characterize the waves and thay are always interrelated by 



that is perpendicular to the direction of the wave motion, 
other waves can be formed by oscillations parallel to the 
direction of motion. Sound waves are of this variety the 
molecules get pushed together in a high density region this 
comes at the expense of molecules near there thus a 



We can also write this in terms of 




f . 




While water waves are basically an oscillation 
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depletion cf molecules or a low density region. These 
alternating low and high density regions are the 
oscillations that oecome the wave. 

Electromagnetic waves are oscillation in the strength 
of the electric or magnetic field as it moves through space 
it is a transverse oscillation in that the electric and 
magnetic fields osciilate at right angles to each other. 
Figure 11-1 shows a sketch of the oscillation to clarify 



A 

£ 




Figure il-1. An electromagnetic wave 
the descriptions we have just given. The wave travels with 

o 

a velocity c = 3x10 m/s. This is true for all observers 
regardless of their motion according to Einstein^s theory of 
relativity. The paradoxes and complications that that 
theory creates are fascinating and stimulating but we do not 
have time to go down that tangent. The wave can travel with 
a great variety of frequencies or wavelengths. The lowest 
frequencies we normally encouncer are the radiowave 
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frequencies which have a frequency of about 1 MHz for AM and 

about 100 MHz for the FM band which admittedly don't seem 

all that low but the higher frequencies include infrared 

waves around 10 THz (10^^ Hz = THzW the visible light at 

1 PHz (10^^ Hz = PHz) , ultraviolet light around 10 PHz, 

18 

X'Rays from 100 PHz to 100 EHz (10 H'^, = EHz) , and Gamma 
rays on up to 10^^ Hz. Although this is an extremely long 
range of frequencies all of the waves are identical in that 
they are oscillating electric and magnetic fields that 

o 

travel with a velocity of c = 3x10 m/s. They differ only in 
their frequency of oscillation and thus also their 
wavelength . 

In this chapter we will focus our attention on that 
narrow range of the electromagnetic spectrum called the 
visible light. In frequency it goes from 435 THz to 700 THz 
and respective wavelengths 690 nm to 430 nm. The low 
frequency long wavelength end is perceived by the human eye 
as the color red and the high frequency short wavelength end 
is seen as a deep blue violet. 

REFLECTION AND REFRACTION 

As light travels through or against different materials 
it behaves in some interesting ways that we should begin to 
look at. Some very shiny surfaces will reflect light and we 
can watch narrow beams come into and :)cunce off of surfaces. 
We note that the beam (sometimes called a bundle of rays or 
more simply just the rays), leaves the surface with the same 
angle that it came in on. We usually measure this angle 
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from the perpendicular to the surface and then note that the 
angle i (for angle of incidence) equals the angle r (for 
angle of reflection) . Figure 11-2 shows such a ray with 




Figure 11-2. Light reflecting from a 
mirror sur f ace 

the angles i and r indicated. An additional ray is dashed 
in to show how someone looking from point B sees the candle 
flame at A as though it is at A'. The eye always takes 
diverging rays and extrapolates back to their source point 
as the location of the object. Sometimes this extrapolation 
goes to a place other than where the light actually came 
from because of some optical device in this case the mirror. 
When this occurs we say the image is virtual. This is most 
obvious in the case of a mirror because it is clear that 
light cannot come from behind the mirror where our image is 
located . 

As light passes into or out of a transparent material 
we also observe that it can be bent in that passage. For 
example we show in Figure 11-3 a light ray coming into the 
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Figure 11-3. The refraction of light going 
from air into water 

surface of water and refracting as it goes into the water. 

Note again the angles measured from the perpendicular angle 

i and angle R the angle of refraction. Angle R is rarely 

equal to i and as we look at different materials we find 

that for the same i we get different values for angle R. We 

also find that for different frequencies (colors) we get 

different angles R for the same angle i. Snell's Law tells 

us how to predict R for light passing from substance I to 

substance II. 



SNELL'S LAW - Construct two right triangles above and blow 
the boundary between two transparent substances. The light 
ray should be the hypotenuse of both triangles and the two 
hypotenuses should have equal length. One leg of each 
triangle is the surface perpendicular and the other leg is 
parallel to the boundary. If the upper leg parallel to the 
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boundary has length X. and the lower leg parallel to the 
boundary has length Xj^ Snells law is; 

where n^, and n^^ are the indexes of refraction for the two 
substances . 



The index of r^-ifraction is a number that can be looked up in 
handbooks for different materials. Table 11-1 gives some 
typical values for the index of refraction. The index can 
never be leps than 1.0 and it is rarely greater than 2.0 so 
that the values in the table reasonably span the allowed 
range. From Snell's law we see that the larger the index of 
refraction n^^ the more the light will be bent in medium II. 
In the case of the light ray passing into water the ray will 
be closer to the perpendicular and X- will be less than X.. 

K 1 

In class we directed a beam of light into a tank of water 
and onto a submerged mirror and then up to the surface of 
the water. Since the index of refraction for water is 
greater than that of air the emerging ray was always further 
from the perpendicular than the incident ray. As the 
incident angle was increased the cingle of the emerging ray 
got larger up until it was 90° or thus parallel to the water 
surface. For larger incoming angles the ray could not 
emerge and thus it was 100% reflected. 

We traced the progression of light through a series of 
transparent objects and made some observations when light 
passes through a rectangular object and emerges 2rom the 
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opposite side it emerges with a ray that is parallel to the 
ray that came into the first surface. This is fairly 
obvious as wc see that the emerging ray from the refraction 
on the first side will travel to the opposite parallel side 
where it must follow Snell's Law and refract back to the 
same direction as initially. When light falls on a 
triangular shape as in Figure 11-4 the light ray is 



bent toward tbo normal (surface perpendicular) as it enters 
the triangular block of material (many times called a 
prism). This ray travels on until it encounters another 
face of the prism where it will refract and emerge being 
bent away from the normal to that face. The direction of 
the final ray compared to the direction of the original ray 
coming in was noted t^ be bent toward the thickest part of 
the prism. One should also note that in this bending of the 
ray different wavelengths had different indices of 
refraction and thus the final ray is broken up into a 
spectrum of color. Little glass prisms hung in the window 




Figure 11-4. The r'^fraction of light 
through a prism 
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will make beautiful rainbow like patterns from this effect 
when the sun passes through them. 

The most useful shape, however, is that with curved 
surfaces. As we observed light traveling through a curved 
piece of material we found that all parallel rays coming 
into the shape were bent to a common point on the other 
side. Such a shape (called a converging lens) is shown in 
Figure 11-5 and the point of convergence of the rays is 
identified as its focal point, F. We found that such a 
device could reconstruct the light patterns coming from a 
source of light, called our object, into an image of that 
source on the other side of the lens. For many cases that 
image actually has light coming from there and when viewed 
from a point beyond actually appears to lie at this image 
point. This image is called a real image because the light 
is actually there. We can construct these images with a 




Figure 11-5. A converging lens and its 
focal point 
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ruler and a few simple rules. Most objects can be 
represented by an arrow, since the only important thing is 
to have some sense of size and which end it up. Figure 11-6 
shows the rays commonly used to construct an image from the 




I 

Figure 11-6. Ray tracing to find an image 
produced by a lens 



object on the left. The rays traveling from any point on 
the object to the lens are all brought to the same 
corresponding point on the image regardless of ^hich part of 
the lens the light ray passed through. Of the many rays 
that pass through the lens there are two which we can 
account for and once we find a point of intersection for 
those two we know that all others will also pass through 
that point as well. The first of these is the parallel ray. 
The parallel ray is a ray parallel to the axis of the lens 
and the base of our arrow object. This parallel ray is 
drawn so that it passes through the tip of the arrow and 
then travels on to the lens at which point it must bend and 
pass through the point f, the focal point, and then travel 
on continuing in that same direction. The other ray is the 
central ray which passes from the arrow tip through the 
center of Lhe lens. Since the center of the lens has two 
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surfaces that are close to parallel^ that ray must travel 
through the lens without being bent. This ray is drawn on 
from the lens until it intersects the first ray at which 
point we say that the tip of the image arrow has been found. 
There are some cases where the two rays will never intersect 
and then we extend them to the left to see if they converge 
on the left* When convergence on the left is found the 
image is virtual. 

Another curved shape is that of a diverging lens (one 
that is thinner in the center than on the edges) . Here we 
have a lens that must bend incoming parallel rays to wider 
or diverging angles. These diverging rays can be extended 
to the left to find a common point, from which they seem to 
come, called the focal point of this lens. Because it is on 
the left of the lens (opposite of the focal point for a 
converging lens) this focal length is given a negative 
value. Images for this lens can be constructed with the 
same two rays as above but the parallel ray through the tip 
of the object is bent outward as it emerges from the lens as 
though it comes from this lens' focal point. More reading 
and examples of these image constructions are available in 
the laboratory notes. 

INTERFERENCE EFFECTS-A WAVE PHENOMENON 

If we drop two pebbles into a pond simultaneously we 
can watch the ripple patterns as they interact with each 
other. This interaction is called interference. You may 
note that there are regions where the interfering waves have 
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larger p:aks and valleys than either wave originally and 
other places where there is much less action than either 
wave by itself. In Figure 11-7 we show a representation 





Figure 11-7. Interference of two waves 

of the waves we are discussing. The solid ring^j represent 
wave crests and the space between them are the valleys of 
the waves. The regions where the solid rings from both 
sides are directly on top of each other are regions of 
increased oscillation or positive interference and the 
regions where the solid ring of one is on the open ring of 
the other are regions of negative interference or 
cancellation. With light waves we see this happen by 
looking at a distant source of light through two narrow 
slits or scratches in an otherwise opaque surface. Light 
through these openings gives an image that is multiple. 
Instead of one image we have a central strong image and 
progressively weaker images to either side. The closer our 
slits are together tho further apart will be the images. We 
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also directed the laser beam through two slits and saw the 
spot split up into several spots of varying intensity. 

we also found that we could get multiple images from a 
single slit. While this ij harder to understand it is 
basically an interference effect between light Irom either 
edge of the opening. These interference patterns also get 
further apart as the slits edges get closer together. Once 
we had seen this effect then we recognized that some of the 
changes in intensity of our first patterns interferance was 
due to the width of individual slit and other vari:itions are 
due to the spacing between slits. Since slits are always 
narrower than the spacing between them the more widely 
separated oscillations in intensity are due to the slit 
width and the narrower oscillations are due to the slit 
separation. 

Our final observation of an interference effect was 
that found for more than two slits. As we increased the 
numbe of our slits we found that the patterns became more 
sharply focused where they were maximum and that they went 
to zero for longer distances between the maxima. This led 
to spots that were separated by angles like 10 to 20 
degrees. These multiple slit systems are called diffraction 
gratings and can then be used to break a spectrum up into 
its components. We observed the spectrum of mercury 
displayed on the wall from a large multiple grating. 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS SECTION 

CHAPTER 1? ~ ATOMS AND NUCLEI 

As turn of the century scientists struggled with the 
implications of the spectra we have just seen from a diffraction 
grating, they were bothered by the fact that atoms did not 
radiate lines except when highly disturbed as in arc discharges, 
and the reasons for those specific lines which were so different 
from one element to the other. First let us look at the details 
of the construction of an atom. We find that the atom is divided 
into a small central point called the nucleus and a cloud of 
electrons around it. All the positive nuclear charge is on the 
nucleus and an equal amount of negative charge is found in the 
electron cloud so that the atom is normally an electrically 
neutral species* Since the negatively charged electrons are 
drawn to the positive nucleus we must explore what other effects 
are present that prevent the atom from collapsing on itself. The 
first idea that comes to mind is a planetary model in which the 
electrons have a rotational motion about the nucleus so that the 
nucleus provides the necessary centripetal force to hold the 
electrons in orbits. This model was developed by Niels Bohr but 
requir d some rather insightful qualifications to actually 
describe the simplest of atoms. Another concept also developed 
in that era that was more successful at describing the behavior 
of electrons and nuclei. That was the recognition that in this 
extremely small scale world particles don''t behave strictly the 
way w^ think of particles behaving in the world of our 
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experience. in our everyday world particle behavior is usually 

contrasted with wave behavior. Particles travel in straight 

lines while waves bend around corners. Particles can have any 

value of energy while waves have resonances at specific 

frequencies and lergies. These everyday distinctions ar 

clearly demonstrated in our macro world but on the microscopic 

scale the distinctions become considerably more blurred. Thus, 

this thing we call an electron is capable of wave like behavior 

as well as its well known particle like behaviors. The rule for 

converting from particle like properties to wave like properties 

is that the particle's momentum, p, is related to its wave 

property A by p = h//\ . Here h is called Planck's constant and 
34 

IS 6.6x10 ]oule sec. Electrons can be diffracted from very 
fine gratings (usually the periodic rows of atoms on a single 
crystal surface). We also find that the locality of electrons 
around an atom are best thought of as standing wave resonances. 
The space is three dimensional and it is difficult for our minds 
to picture what that looks like. We looked at standing waves on 
a ring of wire and found particular frequencies where the waves 
would resonate and other frequencies for which there was no 
response. The figures below (Fig. 12-1) show the kinds of 
standing waves that electrons have near atoms. Figure 12-1 A. is 
the lowest energy possible for an electron and we see that is a 
very spherical region centered about the nucleus, while Fig. 12-1 
B. shows the next higher energy level with its six lobed maxima 
separated for ease of viewing but in fact all centered around the 
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Fig. 12-1. The lowest energy electron standing waves. 

nucleus. As we go to higher energies the resonant waves become 
more complicated but the configurations have been confirmed in 
many experiments. It is the orientation of these lobes (called 
orbitals in chemistry) that determines the bonds directions in 
chemistry and thus the shapes of complicated molecules. When an 
electron is in a nigher energy shape it can drop to a lower one 
by releasing energy in the amoung of E = hf where f is the 
frequency of the released wave and h is Planck's constant. This 
is the origin of the specific spectral lines of different 
materials. Any time this energy is released it comes as a light 
wave but because it is released as a discrete entity we call it a 
photon or particle of light. 
THE NUCLEUS 

The constituents of the nucleus are called the nucleons. We 
have found that nucleons may be charged positive or zero. These 
two categories of nucleons are called respectively protons and 
neutrons. Figure 12-2 shows a graph of all the nuclei we have 
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Fig. 12-2. Nuclear stability 



observed. The coordinates are horizontally the number of 
neutrons and vertically the number of protrons. The s .ctll solid 
circles represent nuclei that are stable and found on earth the 
small open circles are those that ha^^e been made in laboratories 
but are unstable so they don't last very long. We see that there 
is a large domain of the graph where nuclei have never been 
observed because they are too unstable to last for a measurement. 
Thus^ the rough line of solid circles is the region of highest 
stability from this we can see that for very small nuclei the 
protons and neutrons are about equal in number. As we go to 
higher numbers of nucleons we note that stability favors more 
neutrons. This seems reasonable because as we pack more protons 
into that small space their repulsive force is going to weaken 
their binding and make the nucleus more unstable. By packing in 
a few more neutral nucleons the protons are further apart and 
thus not as strongly repulsive. 
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An unstable nucleus returns to a stable condition by 
ejecting different forms of energy. These forms were labeled 
alpha, beta, and gamma as they were first observed and 
distinguished. Alpha rays (or particles) travel only short 
distances from their source and their path can be bent in a 
magnetic field. Beta rays travel much farther than alphas but 
still only a few centimeters in air. The path of beta particles 
is also deflected by a magnetic field but in the opposite 
direction as alphas. Gamma ray travel the farthest and are not 
deflected by a magnetic field. Subsequent studies have further 
identi^iied the alpha particle as a combination of two protons and 
two neutrons or thus the nucleus of a helium atom. The positive 
charge of two protons explains the bending of the path in a 
magnetic field. Beca particles have been identified as electrons 
and their negative charge explains the opposite bending of their 
paths in a Magnetic field. Gamiaa rays we have already identified 
as electromagnetic waves o£ very high frequency. Since their 
energy is hf these are also very high energy photons. 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 

Laboratory 1 Description of Motion 



Purpose 

The goal of this labcratory is for you to be able to 
describe qualitatively and quantitatively the motion of 
ob j ects 

Laboratory Objectives 

As a result of this session you will: 

!• Describe qualitatively and quantitatively the motion of 
a given object in terms of position, time, velocity, and 
acceleration. 

2. Develop techniques of measurement. 

3. Show how to present data and observations in graphical 
form. 

4. Define and explain the difference between velocity and 
acceleration. 

5. Identify the important parameters of a pendulum's 
motion r 

6. Identify the concepts of this lab as they apply in 
playground equipment. 



Part I Motion 



Section A V?hat is constant speed ? 

Introduction 

Every day you hear about how fast things go. For example, 
how much time it takes to get from a class in Fulmer to the 
CUB, or a police officer informing you that you have 
exceeded the speed limit. Yet as much as we refer to a 
concept like speed or velocity, what do we really know about 
it? What information can the speed of an object give us? 
We will explore the answers to these questions and bring up 
some new ones. 

Materials 

Air track set up (with rubber band replacing the spring on 
the support), air track glider, masking tape, stopwatch 
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Procedurp 



In this section of the lab you will st;,rf . i-^ 
constant speed. You will descr^h«\.S: glider moving at 

From your observations you wi?f"5L ?® °^ glider, 

velocity. You will then L ^ definition of 

your deiinition for J^tScrjy'irc^rrlc??"' '° '^'^^^"^ 




Fig. 1.3 Air Track Set-up 

sec tion A.i Observations of . glj derjs^ejngnt 

gIideT?iit^uTth%"g^lfider^^^ the 
track. If the alider JenL ' ^ center of the 

you will neeS to level ?Se trackT t° ""^^ ^^^^^ ^^^^ 
you need help) unul the glide? his ^J??"" instructor if 
either direction. g^^der has little or no movement in 
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track sucS\S^? ?ii ^he glider on the 

band SSVo«o ^H^^"" against the rubber 

o?Ser .nS ?>,?^^^i'^^'': ^^i^" move to th-^ 

other end of the air track, if not try again. Trv to 

develop a consistent method of releasing the glidSJ. 
sect?orA?i%o? l^7s pa??? "^^^'^'^ 



Section A. 2 Measuring feh e motion nf a alid P.T- 

4. Setting up to measure time to travel a distance: You 
will measure the time it takes the glider to move rdis?ance 

dLiaSce'on^Jhr^-^^i^^^T^^^ ^^^^ ^^^^ of? ?Se 

taoe tSo ^i^^"""^^ ^^^^ Pi«°«= °f masking 

tape. Put the first piece of tape about 25cm in front of 

the gilder when it is at the initial starting posUiSn. 
mi?k%Jo^ °^ ^^P^ the appropriate spot to 

ulld ll sl^tli l^^ ^J^^"* distance (these marks will also be 
it taies bStia ; ^^"S'^^^^ releasing the glider such that 
It takes betwecin 10 to 12 seconds to travel the 120cm 
distance. 

I'n Table I.A.I you are asked 

• distance travelled during each successive two 
second interval. A method of doing this is outlined belowT 

a. Release the glider 

b. Have your partner say 'zero' when he/she presses the 

is ^est to start the clock 
when the glider is near the piece of tape 25cm away. 

c. When your partner says 'zero' place a piece of tape at 
the front of gliders present position. This mark serves as 
the starting mark for your measurements of distance 
travelled. 

d. Place tape at the position of the front of the glider at 
successive 2 second intervals, it is best to walk along 
with the glider, so that you can see the position of its 



e. 



Complete Table I.A.I and answer the adjoining questions, 
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Section B What is constant accelpr;»hir^n ^ 

Introduction 

eJevator J^St2°nr''c^ ^^^^^^ when an 

elevator starts or stops? Have you watched how a 

speedometer "drops" as you slow down for a trS?f?c liaht or 

"climbs" when you speed up after a stop? Both of thele 

questions deal with the same concept -L acce?e?ftion! We 

Sonsid^ref sp^^I?^:?! ^^"^ ^ ^ 

Materials 

mLw?o y?' ^^"^ ^""^^ glider, masking tape, one wooden 
block (19cm X 19cm x 2cm), stopwatch 

Procedure 

°^ ^^^1 ^ake observations of a 

glider as xt accelerates down an inclined air track. From 
these observations, you will develop a definition of 

ifviuJ^Si??:- J""" y^^^ ^^^^ measurements to determine 

It your definition is correct. ^■•■t^^ 

n!°!'^°" °^ tuner's n»QVP,.Pn^ 

[NOTE: Place the glider weight back on] 

i;«HfrJJ"VP acceleration of the glider: Place one 
?r«^v ^i^^'i ""^^fneath th- single leg support of the air 

SLTbe "^Jln^InV^^^S^Iig? ^"^^ ^ '^^^ ^^i^- 

the glider in motion: Turn on the blower. 

i I It JS® ^^^^®5 !^ beginning of the 120cm distance, 
i.e. at the elevated end of the air track. 

cl^*.?®?®^^, ^ ^! need. Complete Part I, 

Section 3.1, of Lab 1 Worksheet. 

Section p. 2 Measuring th* » motion of the glider 

4. Setting up to make the measurements: For Table I.B.I 
you are asked to find the distance travelled in successive 
n2^n!S° 1 f one way of doing this is to have your 
partner call out each second and then mark, with mask5ra 

^i?n;„f J" ^^t ^f°"^ °f ^^^^^^ at that time, 'it is 
helpful to walk along with the glider as you place the tape. 
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In this way you are looking right out the front of the 
glider as you place the tape. 

It may take several tries to get all the time intervals. 
Patience, and checking your marks closely, will provide 
enlightenment about acceleration. 

5. Making the measurements: The distances asked for in 
Table I.B.I are to be found by measuring between successive 
pieces of tape, e.g. the distance for interval #2 is found 
by measuring the distance between the piece of tape put on 
the track for the first second and the piece of tape put on 
the track for the second second. Complete Section B.2. 



Section C A complicated case 

Introduction 

You will now consider a case where the motion is a bit more 
difficult than what you have considered this far. 

Material 

Air track set up (separate system placed on the tables at 
the back of the room), air track glider, the glider weight 
with the aluminum fin arrangement, copper shim (to be taped 
to the aluminum fin), one wooden block (19cm x 19cm x 3.5cm) 
placed underneath the single leg support of the air track, 
narrow gap horseshoe magnet (elevated, at a cad past the 
halfway mark, such that the aluminum/copper fin 
configuration will pass through the gap of the magnet) . 

Procedure 

You will find the demonstration set up in the back of the 
room* Turn on the blower. Place the glider on the high end 
of the air track. Release it. Repeat as many times as you 
need. Complete Part I, Section C of the worksheet. 

Physics Feat: Tips on doing this lab in your classroom 

thm ptirehasA of an air tracic for usa at th« alamantary 
school laval is not advisad. Moat high school scianca 
dapartsants hava an air track or aecassibility to ona. Also 
tha high school physics taachar aay ba abla to suggast gona 
altamativa axparimantal gat ups. For axampla tha dry ica 
puckB usad in tha Pro j act Physics eoursa.^ 

An altamativa way of having your studants apply tha 
concapts of action would ba to sat up a Hot Whaals*^^ track. 
Ut tha studants play with tha toy car and track and than 
hava tham analyza tha sotion. 
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Part II The Pendulum^ 

Purpose 

?nS^f^^r?^''.P°''^^? °^ identifying the important 
parameters involved in the motion of a pendulum (i e that 

ifi^n.iLi^'^^P^?'^^"!.?^ amplitude and mass, and that period 
is aependent on length) . 

Introduction 

JSrJ^InH hung from a point so that it can swing 

back and forth it is a pendulum. The pendulum, besides 
being a reference in macabre literature, is an example of a 

2^«ifi "^^^5" =^»Pl« harmonic motiSn! One 

TT^^ pendula can be found in a grandfather 

^^"^"-"f ^ pendulum vorks opens the door to 
understanding musical instruments, lasers, TV, or the design 

f""" fi^rfi?^"" ^? f^^"^ J=ack to where it 

n^^TnH Efe£iod (T) . A good way to measure the 

period is to determine the time for 10 complete swings and 
then divide by 10. Thus if it required 30 seconds for 10 
complete swings over and back, the period is 3 seconds. The 
reason we do this is that the average value of the period 
tor ten swings gives a more accurate result than just 
measuring a single swing (ask yourself why this is so) . 
Work with your lab partner to make this measurement. 

The maximum distance the pendulum swings to either side from 
Thf nn^H^/T ^^^fll^^^he amplitude (A) of the pendulum. 
The number of complete swings the pendulum makes in ore 
second is called the frequency (f) of the pendulum. 

Material 

Two 1 meter pendulums (one steel bob, one wood bob), 4 metei- 
pendulvun, stop clock, pendulum supports 

Procedure 

The questions for this part are listed here. Record your 
■Jbservations on the worksheet under Part II. 

1. Does the period of a pendulum change as the amplitude 
changes? See if you can find out. Set up the pendulum with 
)p ^w?\.?°^:. ^' °f the pendulum should be Im 

iLZ i( J °^ * ^«"gth of the string 

5^2 1 ? .5°^'°" support) . Pull it 12 cm to one side 

and let it go. Measure the period as outlined in the 
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introduction. Repeat three times. Record your measurements 
in Table II. 1. Now pull the pendulum all the way to one 
side. Measure the period. Repeat three times. Record your 
measurements in Table II. 2. Answer question II. 1. 



2. Does the period of a pendulum change when you change t^^a 
amount of weight on the end of the string? Set up the 
pendulum with the wood bob per the instructions in step 1. 
Carry out the necessary measurements to complete Table II. 3 
and answer question II. 2. 



3. Does the period of a pendulum change when you change the 
length of the pendulum? Ask the lab instructor for the 4m 
pendulum. Your lab instructor will indicate where to set up 
this pendulum. Be sure to measure the length. Make the 
appropriate measurements to complete Table II. 4 and answer 
the questions. 



Physics Feat: Pendulum Facts-' (optional) 



It it often 3/ id that a pendulum has the same period regardless 
of amplitude. This is not exactly true, as you have helped show. 
The statement should be: If the amplitude of a pendulum is small 
(for example, less than 10 ) then the period is almost constant. 
Simple harmonic motion is idealized motion in which the amplitude 
has no effect on the period. 

The actu al re lation from theory for small amplitude is that 
T • 2» M Uq* Does your data agree with this? How can you show 
this wi'^h a graph? 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 
PHYSICS BLOCK ~ LABORATORY 1 

Optional A Freely Falling Body* 

Introduction 

Today you have, through your observations, developed a 
description of moving bodies which in the language of a 
physicist is called kinematics. Galileo was the first 
person to describe motion in this currently accepted manner. 
He reasoned from experience, starting from the definition of 
acceleration, using mathematics as the means of deduction. 
He emphasized the essential role of experiment in testing a 
physical concept. 

Galileo was able to show that: 

a. ) The acceleration of a body freely falling in a vacuum 
is constant. This means that during any one interval of 
time, the gain in velocity will be the same as the gain in 
velocity during an earlier or later interval of the same 
length, i.e., g* constant. 

b. ) The acceleration of a body in free fall in a vacuum is 
independent of the mass of the body. 

In this part of the lab we will check to see if these 
statements are still true. 

Material 

Free fall experiment equipment, ruler 

The apparatus used to measure the acceleration of gravity is 
shown in Fig. II. 1. The "bomb" which is held at the top of 
the apparatus by an electro-magnet, is released by opening 
the switch. It falls freely between a pair of parallel 
wires. As the bomb falls, a spark jimps from one wire 
through the flange of the bomb to the other wire every 1/60 
second. The spark leaves a small hole in the waxed paper 
tape. The distance between consecutive holes on the tape iL 
distance the bomb fell during the interval of 1/60 second. 

Procedure 

1. The lab instructor will aid in obtaining the tapes (one 
per student) . 

CAUTION: When starting the sparker, use only one hand, 
keeping the other in your pocket or behind your back. This 
will reduce the danger of your becoming part of the circuit 
and getting shocked. 



el ectroragnet ^ battery ^ swi tch 




holes in tape 
caused by spark 



waxed paper 
tape 



wires carry a high 
voltage pulse once 
every 1/60 second. This 
causes a spark to pass through 
the rim of the bomb, leaving 
a small hole in the tape. 



oil of paper tape 




Spark Timer 

(15,000 volt pulse once 
every 1/60 s) 



Fig. II. 1 Apparatus used to measure the acceleration 
of gravity 
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2. The exact time of release cannot be recognized on the 
tape, so pick the second or third dot, circle it and label 
It "0". See Fig. II. 2. 



^ 



Fig. II. 2 A Sample waxed-paper tape record 



3. Circle alternate dots and consecutively number the 
circled dots (using every dot results in too much data) . 

4. Measure the distance (in cm) between consecutively 
nxmbered dots and enter the values in Table 11*1 of the 
worksheet, ^^lot a graph of the distances (on the y axis; 
distance is the dependent variable) versus time (on the x 
axis; time is the independent variable) . Use the graph 
paper provided in the worksheet. 

5. Plot a graph of the velocities (on the y axis; velocity 
is the dependent variable) versus time (on the x axis; time 
is the independent variable) . Since each velocity is the 
average velocity during a 1/30 second interval, plot each 
velocity at the mid-point of the appropriate time interval. 
This graph is a test of the statement "a" of Galileo 
mentioned in the introduction. Use the graph paper provided 
in the worksheet. 

6. From the graph of velocity versus time, find the best 
value of the accelnration of gravity. The slope of the 
graph Av / At (the change in velocity Av divided by the 
corresponding time interval At) is tl;e acceleration 'g'. 

7. Complete the worksheet. 
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Physics Feat: Measurement of Reaction Time^ 
(optional) 



IsLcl '^^/.^^^^'^^'^^^ °f physics is that knowledge of one 
nh»r! ^ P"""^' measurements of completely unrelated 

5«vx?y"='an bf" ^"V""' the 'accelLa"oi 

onlv nppnt ^ "'^"^ '° measure the height of a building. One 
only needs to measure the time for an object to fall ta the 
ground from the roof. One then uses the formula y- 1/2 gt^ and 
the value of g to find the height, y. ^ 

°^ y"""" "reaction time- is made with a fallino 
oo^frf^J; '^""'^ ^"'^ °f the meterstick and ySu 

?he fiourr"%°^^" ^'T" "PP^^i'^ 'he 50 ca mark as shown ^in 
I^L^^^^'a- 1°""" P?'^tner releases the stick at some arbitrary 
tim-. The distance it falls before you,catch it can be converted 

se^er^rtimlfV°" V"' """^ ^' ' ^'^^^ '^^e measCrlmen? 

several times to get an average. Is there a difference between 
the reaction time of your two hands? ^i-i-erence Between 

K^?^*! experiment with a dollar bill (with your partner 

^K i L?"^ f'"^ °^ "i^^ ^"'^ positioning your finflrs at 

the Sin T probably wUl not be able to catcS 

?aw i'n- fneasurement of your reaction time and the 

}"r1e ? ;rir?ends! occurrence? Try this one with 





Fig. II. 3 



Adapted from: A Survey o f Laboratory Phvsics. Part i ^ by 

Paul A. Bender, (Star Publishing Company, 
Belmont, CA, 1985) . 
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Worksheet for 
Laboratory 1 — Optional 
A Freely Falling Body 

Table II. 1 

Distance traveiea Average velocity 

Interval during interval during interval 

number ^n^^n / (V30 sec) 

1 



2 



3 



4 



5 



6 



1. Compare the graph of distance versus tine to the graph 
of velocity versus time. What differences do you see in the 
shapes of the graphs? What does this suggest about the 
relationship between acceleration and distance? 
Acceleration and velocity? 



2. Show your work to calculate the value of the 
acceleration of gravity here. What does the straight line 
of the velocity versus time graph suggest? 
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Lab 1 Description of Motion 
Apparatus List 



Set up is based on 24 students at 12 lab stations 



Per lab station 
1 ea. 1 ruler 

1 ea. Air track set up (rubber band replacing the spring on 

the support) 
1 ea. Timer clock 

1 ea. One wooden block (19cin x 19cin x 2cm) 
1 Air track glider and glider weight 
1 ea. Steel bob pendulum - Im length 
1 ea. Wood bob pendulum - Im length 



Per lab room 



Balances 
Masking tape 
Graph paper tablet 

1 ea. 4m pendulum; key to 3rd floor pendulum 

Air track set-up on the back demonstration tables (air track 
gliderr the glider weight with the aluminum fin arrangement^ 
copper shim taped to the aluminum fin^ one wooden block 19cm 
X 19cm X 3.5cm placed under the single leg support r close 
face hor^ eshoe magnet located just past the halfway mark of 
the air track and elevated such that the aluminum/copper fin 
configuration will pass through the opening of the magnet). 
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Worksheets for 
Laboratory 1 Description of Motion 



Date 



Name 

Partner's Name 

Part I Motion 
Section A.l 

1. Describe your observations of the motion of the glider 
after you release it in terms of distance and time. 



2. What inferences can you make about a relationship 
between distance and time? 



Section A. 2 



Table I.A.I 



Interval Time of Total elasped 
# interval time at 

(At^) end of the 
interval 
At, 



"e 



Distance Total Dist. 

traveled traveled 

over by end of 

interval interval 

Ad,. A d 



2 sec 



2 sec 



2 sec 



4 sec 



2 sec 



6 sec 



2 sec 



8 sec 
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3. How do the distances Ldi traveled duri-.ig the equal time 
intervals compare? Does the total distance traveled Ad 
increase at a constant rate? ® 



4. Make the appropriate calculations to complete the 
following table. Answer the questions following the table. 



Table I. A. 2 



Interval Ratio of Ad^ to a t^ Ratio of a dg to Atg 

# Adi/Ati Ad./Atg 



2 



3 



4 



How do the re.tios of a d^ to At^ compare between successive 
intervals? How do the ratios of Ad^ to a t_ compare to each 
other and to the ratios of Ad^ to At^? 



ERIC 



143 



interval 3. (asSLe we ha^e an af? Sracff « 

far would the glider travel in oSe mim?e'^°''^ • 



6. In question 5 you used ratios t-n 

given a distance tfavellld Jou f?nrf°, " answer: 

a time of travel vou ?ti^ f^""* ^ t^"® °f travel; given 

answers in 5 Ire S?edfi??«^ distance travelled. Your ^ 

time. List a cluple of o?Ser eJ^l?" ^ °f ^^^^ance to 

Of distance to tiSe tf „°S'prldic?iInsT^"" ^ 



axis . wha? iSis the lllle I- TJ^^^l versus time (x 

graph tell you' What rfooS ^J: ? distance versus time 
graph tell yoSi ^^°P« °f sP««d versus time 
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Si'^^f'^Sr^ drawing below represents the position of the 
glider at successive one second intervals. Did the alider 
SJSow' ''^ investigated in this lab? How do you 



1 

t 

! 


* 1 \ 
1 \ 
• J 1 J 


L.._; ^ 






B i 



Fig. I.A.I 



9. We have now developed the concept of speed i e 

speed is the ratio of change in distance to change in 'time 
(^/At). This ratio is referred to as the average speed . 
It IS an average since we are not finding the speed at an 
exact location or at an exact time. Rather we are taking a 
distance and dividing it over an interval of time, i.e. we 
are getting "on the average" how far an object goes in one 
unit of time. This is the information the ratio Ax/At 
provides. Review your answers to question 1. Record below 
any changes you vould like to make. 



Section B.l 



1. Record your observations of the motion of the glider 
after you release it, in terms of distance, time and speed. 



2. What inferences can you make about relationships between 
distance and time; speed and time. 



Section B.2 

Note: In this part you will be finding an average speed for 
each interval. Since it is an average speed there is not an 
exact moment of time that the glider has the speed you find. 
However, we can estimate that the glider's instantaneous 
speed at the midpoint of the time it took the glider to 
travel the interval is the average speed (make sure you can 
justify this to yourself) . For example, if the glider 
traveled 18cm in a 1.8sec interval, the glider's average 
sgeed over the interval would be lOcm/sec; its instantaneous 
speed at .9sec would be estimated to be lOcm/sec. 



Table I.B.I 



Interval # and 
time glider 
had avg speed 


Distance 
travelled 
during int. 


Average Speed 
(distance/ 1 sec) 


1 

t- .5s 


2 






t= 1.5s 






3 






t=« 2.5s 
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3. How do the distances traveled during equal time 

i2^??;^n i this differ from the motion in 

Section A. 2? 



4. How do the average speeds in the successive equal time 
intervals compare? in what way does this differ from what 
you obser-ved in section A. 2? How does this relate to the 
observed changes in distance? 



5. Determine the ratio of the change in average speed (Av) 
between successive time midpoints, with respect to the 
change in time (At), i.e. Av /At, to complete Table I.B.2, 





Table 


I.B.2 




Time interval 
of interest 


Change in 
time (A t) 


Change in average 
speed ( A V) 


A V / At 


0 to .5s 


• 5s 






.5s to 1.5s 


1 s 






1.5s to 2.5s 


1 s 







6. How do the values of av / At compare? What does this 
ratio tell you? We call this ratio the acceleration. 



147 



7. What would happen if the change in velocity is negative 
(as would happen if the glider were to slow down)? Would we 
still have an acceleration? Why or why not? 



8.^ Sketch the following graphs (the axis assignments are 
like Section 1 #7): distance versus time, speed versus 
time, and acceleration versus time. What do these slopes 
tell you? What relationships do you see between the graphs? 



9. We have now developed the conccipt of acceleration 

i.e. acceleration is the ratio of the change in velocity to 
the change in time. Review your answer to question 1. 
Record below any changes you would like to make. 
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S-»ction c 



1. Describe the motion of the glider, utilize the concepts 
you have learned in your description. 



2. Hand sketch the following graphs: distance versus time, 
velocity versus time, and acceleration versus time. What 
relationships do you see between the graphs? 
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Part II The Pendulum 



Table II. l 

Period of a pendulum for a small anplitude 
length = mass of bob = 



Trial number Period 



Average = 



Table II. 2 

Period of a pendulum for a large amplitude 
length » mass of bob » 



Trial number Period 



Average 



1. Does the period of the pendulum change as the amplitude 
changes? Support your answer with your results. 
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Table II. 2 

Period of a pendulum for a small amplitude 
lergth = mass =• 



Trial number Period 



Average =« 

2. compare the average period of Table II. l to Table II 3 
ir?he pe?Jod?^" ''''^ ''^^^^'^ °^ ""'^ pendulum cause a change 



T'-ble II. 4 
Period of a pendulum with a long length 
length = mass =» 



Trial number Period 



Average = 

3. How does the average period found on previous page 
compare to the average value of Table II. i? 



^5^®? on the investigations you have just completed, 

is the period most dependent on? Support your 
conclusion with your results. upp«i.v, yout 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 

Laboratory 2 The Nature of Force 

Purpose 

The goal of this laboratory is for you to describe the 
forces and torques in a physical situation* 

Laboratory Objectives 

As a result of this session you ?liould be able to: 

1. See the force in its role of push-pull 

2. Contrast force and the "net-force" 

3. Distinguish force on an object from those by that object 

4. Determine the magnitude and direction of torque for 
simple cases. 

5. Identify the physical concepts of this lab as they apply 
to push-pull wagons, trikes, bikes, teeter-totters, 
etc. 



Part I Static Forces and Torques 



Section A Finding the balance of force 

Introduction 
Net Force 

When a group of forces, all of which pass through tl. 5 same 
point, act on an object, they may be replaced by a single 
force called the net force (F^^^) or resultant. The 
magnitude and direction of this net force (Fnet^ ^® 
determined by drawing the proper vector force diagram, as 
was discussed in the lecture. 

Eguil ibrium — - Net Force of Zero 

In this section of the laboratory you will be working with 
the case when the net force is zero (i.e. the vector sum of 
all the forces is zero) . This is referred to as the f irsr 
condition of equilibrium. We will discuss the second 
condition in Section B. 

An object is in equilibrium when the conditions are present 
for the object to have zero acceleration. Knowing that 
Fnet ^ it is apparent that if the net force is zero, the 
acceleration must be zero! So, it follows that a net force 
of zero is a condition for equilibrium. 
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We can now refine our definition of equilibrium using our 
knowledge of motion from laboratory one, to be. 

Equilibrium is the condition of an object whose 
velocity is constant in magnitude and direction. 

In this part of the laboratory you will consider the case 
where velocity is the constant zero. This is called static 
equilibrium. The case where the object remains in steady 
motion in a straight line is called dynamic equilibrium. 



EXPERIMENT— A car on an inclined plane 

Introduction 

You will determine the net fore- on a car sitting on an 
inclined plane, you will need to make a vector diagram to 
determine what must be done to achieve a net force of zero. 
Using pulleys and weights you will apply the forces required 
to give a net force of zero without the plane present. 

NOTE: You are asked to determine a force identified as F 
(read F sub n) . it is the force of support due-to the board 
and in the absence of friction it is perpendicular to the 
plane. is often called the "normal force", where normal 
refers to the force being perpendicular to the beard's 
surface. To determine you need to recognize that the net 
force in the y direction is zero. [This follows since the 
car is neither flying off of or sinking into the board!]. 
Knowing that the sum of the forces in the y direction add up 
to zero, you can find F^^. 

Apparatus 

Car on an inclined plane set-up, 30-60-90 triangle, ruler 
Procedure 

1. Refer to Figure I.l. Carry out the appropriate work to 
determine the vector component of the car's weight along the 
plane (Wj^) and the vector component of the car's weight 
perpendicular to tha plane (W^) . Show your work on the 
worksheet . ^ 



Fig. I.l Force Diagram of car on plane 
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2. Determine the force you need to apply to give a net 
force of zero. Use a pulley and weights to apply this 
force. 

3. Complete the worksheet for this section. 



Section B Finding the balance of toroue 

Introduction ^ 
VThat is torque ? 

A force's tendency to produce rotation of a body is called 
the torque. It is equal to the product of the force's 
magnitude times the perpendicular distance from the axis of 
rotation (a fulcrum, if you like; to the force's location. 
This is illustrated in Figure 2. Here a force F is shown 
applied to a wrench at a point P a distance away from 
the center of the nut. The magnitude of the torque is FRx • 
The distance is ca? ed the lever ara of the force F about 
the nut's center. 




Fig. 1.2 The Torque 



If we had applied che force in the opposite direction we 
would have had the same magnitude of torque, but a different 
direction of rotation. We identify the torque vector with 
both its magnitude and the direction of rotati'-n it causes. 
So in Figure 2 the torque is FRj^ in a clockwis. (CW) 
direction. If the force had been from the opposite 
direction the torque would have been FRj^ in a counter 
clockwise direction (CCW) . 

Equilibrium Net torque of zero 

Based on the definition of static equilibrium, we can see 
that a net torque of zero is also required for equilibrium. 
If the net torque is not zero, as with the wrench in 
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^if^lfj^' we get a rotation. Hence, we do not satisfy our 
definition of static equilibrium, i.e. a constant velocity 
or z&ro* 

«?*.n?*.}^i''^^^^^^?" °f ^° torque, we consider the 

situation shows in Figure 3. 




(1701b) ]B ^^^^^^^ 

Fulcrum 

^A indicate the weights of A and B 

Figure 3 Teeter-Totter 

To find the net torque we need to add the torque due to A to 
the torque due to B. First we wil-1 find the magnitudes and 
directions of each; 

"^due to A ° ^A ^A " (757N) (.74m) = 560 N m 

counterclockwise 

■^due to B " ^B % " (560N) (im) = 560 N m clockwise. 

If we add the two torques, we see they cancel since they 
oppose each other. Therefore, this is a case of net torque 
equal to zero. ^ 

Notice, we can use this relationship to find an unknown 
value of weight or length. You will do this in lab. 

Condit io ns of Equilibrium 

To summarize, the conditions of equilibrium are: 

Conditic.i 1 - The net force [sum of all forces] acting on 
the object must equal zero. (Otherwise the body would 
accelerate in the direction of the net force.) 

Condition 2 - The net torqi'<» [sum of all torques] acting on 
the object must equal zer' (Otherwise the body would 
rotate at ever decreasing and increasing speeds.) 

You will apply these condition in the worksheet. 
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EXPERIMENT Torqiie 



1. Finding your partner's weight. 

a. Arrange the large plank on its fulcrum, so that it 
is balanced as well as possible. This is to balance 
out the torque due to the weight of the board. The 
net torque due to the board should now be zero. 

b. Convert your weight from pounds into Newtons. The 
ccnversion factor is 4.45 Newtons « 1 pound. 

c. Knowing* your weight in Newtons, devise an 
experiment using the » teeter-totter • to determine 
your partner's weight* 

d. Show your work on the worksheet, Part 1 Section B.2. 
Answer the questions in this section. 

2 . T-Stick 

a. Experiment with the green wooden T-shaped device. 
Use the weight hanger to hold different weights at 
different distances from the handle* 

b. Summarize your observations on the worksheet* 



Part II Dynamic Forces 



Section A Newton's lc.vs in re act ion 

Intr o duction 

In this part of the lab you will investigate Newton's third 
law. For every force (action) on A due to B there is an 
equal and opposite force (reaction) on B due to A* A simple 
translation of this is: If you push on something, it will 
push back on you just as hard. If you pull on something, it 
will pull back on you just as hard. 

Apparatus 

2 skateboard platforms, 18 feet of cord 
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Proc6dur<> 



1. Partner up with someone about your size Plaro 

skate boards about two or three xaete« apa?t. Be Sure thev 

lie along a straight line pointing at each other ^ 

faciSSreach n?hf P^^S"^^ s^o^ld stand on the skateboards 
cord Lound M^/J- «^Y^ partner tie one end of the 
cora around his/her waist. You pull on the other 
Record your observations on the SoricsSeet 

your^par?ier°nulf"nn°;>,^^^ ^^"^ ^^i^^ and let 

tSe worSSeet! "^^^ ^^""^'^ observations on 

4. Now both of you pull on the rope. Record your 
observations on the worksheet. ^ 

off of^vL^^%oS!f together. Have your partner push 

orr or you. Repeat with you pushing off of your nartner ;*nri 

aillrZil'} °£.^°" pushing Off elch otSer^ lecord you? 

observations on the worksheet. ^ 

(idealfylwlcf Ihe tTzlT ' """"^ 
7. Complete the worksheet. 



OPTIONAL 



eleviSJ WPasurement ^^^^ leration nf ^ho 

Introduction 

To make this measurement you will measure the force produced 
by the acceleration of the elevator on your own mass! 

Apparatus 

Elevator (>6 floor run) , bathroom scale 
Procedure 



sialef^'^Jho^f'''' "f^"^^^ "^^^ °f the bathroom 

vSif These scales are not very accurate, but use the 

?actor^«°/iS2.H^ ^^i^^^ "^^^ conversion 

factor is 4.45N/1 lb. NOW calculate your mass in kilograms. 
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2. Take the bathroom scale and your partner onto the 
elevator, stand quietly on the scale as your partner 
records the scale reading for at least the following; the 
maximum weight, the minimum weight, and the weight during 
the middle part of a long run (>6 floors) . Note the 
conditions under which each of these oocurs (elevator going 
up or aown, beginning or end of ride between floors) . 

3. Sketch a graph of apparent weight (vertical axis) vs. 
time (horizontal axis) for a typical long run up, and 
another graph for a long run down. Staple this to the 
worksheet. 

4. The acceleration is calculated from the following 
formula; ^ 

W » Wq + Ma 

in which; W is the apparent maximum (or minimum) weight, 
(as read from the scale) Wq is the weight (as 
measured in the lab before getting on the 
elevator) M is the mass (as calculated in part 1) 
a is the acceleration. The acceleration will 
turn out to be positive when the speed of the 
elevator increases while moving upward or 
df.creases while moving downward. The 
acceleration will be negative when the speed 
decreases upward or increases downward. 

This equation is an expression of the net force, it 
comes from; 

^net » ma « W - w^. 

5. Answer the questions on the worksheet. 
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Worksheets for 
Laboratory 2 The Nature of Force 



Name^ Date 



Partner's Name 



Part I Static forces and torques 
Section A. 

1. Make a sketch like Fig. 1.4. Scale the force diagram to 
determine the components of W (use the procedure it lined in 
the lecture and your laboratory instructors introduction) . 
Record your values in the appropriate blanks. 

Magnitude of the forces 
" "x - 

"y - 
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2. What is the magnitude and direction of the force 
required to give the car, when it is on the plane, a net 

is sL^L'o^^K "/'^^ ^ °? "r; when it 

i«of,! °" P^^"® wh^c^ -^ay will it move? Test your 
H^SrS setting the car up on the plane with the force you 
have determined with string, pulley, and weights 



3. I^eplace the normal force (F-) with ano*:her string, 
pulley, and weights and then puSl out the plane, what 
happened when you pulled the plane out? Why? [Use the 
concept of equilibrium in your explanation.] 



4. Move the car - what happens. Why? 



In • ?• to scale) of the forces acting 

tyJVi ^^f.^^cl^nf? plane and (b) the car. In addition to 
the direction of the force vectors, also indicate 
magnitudes . 
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6. Explain clearly the source of the forces you drew in 5a 
and 5b. Be concise. 



Section B 
Teeter-totter 

1. Sketch your experimental set-up here. Indicate 
distances, forces, and torques. Explain, briefly how the 
set-up meets the conditions of equilibrium. 



2. Show your calculations to determine your partner *s 
weight, in Newtons. 
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T-Stick 

1. Observations 



2. Do your observations support our definition of torque? 



Part II 
Section A. 



1. Record your observations for procedure #2, #3. and if4 
below. Identify each part. 
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2. Observations for procedure #5. 



3. Record your observations for #6 below. Identify each 
part. 



4. Summarize Newton's third law based on your observations. 
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5. How was Newton's second law illustrated by do 
experiment with a person your size, and then with 
larger (or smalxer) than you. 




6. Can something exert a force if it is not moving? How? 



7. You learned that when you push on something it pushes 
back on you. Using this, explain how you are able to walk. 



8. What happens it you are in a canoe and try to jump out 
onto a dock? Answer this in terms of Newton's laws of 



motion. 



ERIC 



165 



OPTIONAL 
Section B 



1. Calculate tht maximum positive acceleration snri 
maximum negative acceleration in uniJs ofm/s^? 



l^r^^lLl^fr ''^''^ fall what would your 

apparent weignt be? What would be your acceleration? 
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Lab 2 Nature of Force 



Apparatus List 



Per Lab Station 



1 




xnci j.nea pi ane device 


1 


ea « 


v^ax wj. uii trytriiuuivo ^ unuiuDuacKs on dowels ) 
(preweighed ) 


2 


ea • 


50g. weight hangers 


2 


ea • 


weight sets (on rider) 


2 


ea • 


table clamps 


2 


ea • 


rod uprights 


2 


ea. 


rod clamps 


2 


ea • 


pulleys on rod supports 


1 


ea* 


30-60-90 .riangle 


1 


ea. 


ruler 


1 


ea . 


green handled 


1 


ea • 


weight hanger 


1 


ea. 


1/2 kg, 1 kg, 2 kg weights 



Per Lab 

1 ea. ball of string 

4 ea. bathroom scales 

1 ea. scissors 

4 ea. skateboard platforms 

2 ea. cord - 3 meters long 
2 ea. large plank 

2 ea. dowel rod support 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 

Laboratory 3 Work and Energy 
Section A.l — Levers 
Purpose 

The goal of this laboratory is for you to understand the 
mechanical advantages of simple machines, the concept of 
work as used in physics. 

Laboratory Objectives 

As a result of this session you will: 

1. Distinguish between force and energy 

2. Recognize energy in its different forms 

3. See the applications of simple machines as force 
redirectors, magnifiers, and reducers. 

Introduction 

In this section of the lab you will determine the mechanical 
advantage of various levers and describe how the forces work 
with the levers. 

Apparatus 

Lever demonstration (metal bar, saw horse, and blue motor) , 
human lever display (back, ankle, bicep, and the tricep) , 
exposed watch, nutcracker and nuts, hand drill, large plank 
and fulcrum, a door handle with detachable j'cnob, screwdriver 
and paint can with lid, broom 

Procedure 

1. The lab instructor will indicate the location of the 
."ever station. 

2. Complete the worksheet for this section. 

Section A. 2 — Inclined Planes and Screws 
Introduction 

In this section of the lab you will determine the I.M.A. and 
A.M. A. for an inclined plane. You will also show that a 
screw is simply an inclined plane wrapped around a cylinder. 
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Apparatus 



Plank used in lol labs (mount to the table 80cm from its 
end) , large protractor, plumb-bob, screw demonstration from 
lecture demo, suitcase loaded with 10kg of mass, 15kg spring 
scale, screw demonstration from Lecture Prep, lipstick 
container (with screw bottom) . 

Procedure 

1. Your lab instructor will indicate the inclined plane 
station. 

2. Determine the weight of the suitcase, the length of the 
board (to where it rests on the table) , the height the 
board is above the floor (measure it to where the board 
meets the table) , and the angle of the board. Record 
these values on the worksheet. 

3. Complete the worksheet questions on the inclined plane. 

4. Complete the worksheet questions on the screw. 

Section A. 3 — Pulleys 
Introduction 

In this part of the lab you will determine the I.M.A. and 
A.M. A. of different pulley systems. 

Apparatus 

(2x)4 pulley set-ups shown in Fig. A. 3.1 below (8 

all together) hung from the ceiling, string (nylon cord), 

step ladder, 8-2000g spring scale, 8 eye bolts (in place in 

the overhead runner), 8 lOOOg hooked weights, 3 single 

pulleys. 
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Pulley Set-ups 
Fig. A. 3.1 

Procedure 

1. Your lab instructor will indicate the location c the 
pulley station. 

2. With the spring scale measure the force required to lift 
up a load of lON(lOOOg) with the single pulley set-up. 
Lift with a slow uniform speed. Raise the load .20m. 
Measure the distance the applied force must act through. 
Record your observations on Table A^l. 

3. Repeat the process with the pulley set-up designated by 
your instructor. Do not enter these values into the 
table. Enter your values on the table drawn on the 
chalkboard. 

4. Average the values for each pulley set-ap. Record 
these in Table I.A.I. 

5. Answer the questions on the worksheet. 




170 



Work 

Introduction 

As was discussed in the preceding section, in physics the 
n kS^'^k ""^^"5 a force acting through a distance and is 
2iT^H t P^S^"""^ °^ ^^^^ and the distance through 

which it acts (W « F X D). Also it was mentioned that the 

^.^fw^ joules or foot-pounds. You should keep in 
mind that this distance does not have to be along a straight 
line, it could also be the distance a wheel turns around. 
The quantity of work tells us how much energy we need or 
have used to accomplish a task. 

Another measurement that is quite useful in physics and 
industry is how fast work is being accomplished or being 
done. This quantity, the rate of doing work, or the work 
per unit time— is called POWER. Average power is found 
by the following equation: 

P = W / t 

where P = power, or how quickly you are doing work (using up 
energy, \ f 

W « total work done, 

t = time during which work i' done (expressed in 
seconds) . 

The units of work are foot pounds or Joules per second 
Hill' S^u??" fofflfflonly callfcd Watts, you have probably 
heard of kilowatt hours in connection with electrical bills. 
This simply tells you how much work was consumed during the 

' aittount of energy Ssed 

^i"* since the last bill) . if you look on a 
light bulb, toaster, iron, or just about any household 
appliance you will find a power rating. A light bulb, for 
example, nay have a value of 60W (60 Watts) painted on top. 

nSiLS^^Ho^fi^K.y°" ^^^^^ ^° °f a second to 

produce the light you use to see with. Much of this work 
goes to heat (feel the bulb) . 

In this part of the lab you will be the producer of energy 
for the work required to power a headlight or two. You will 
accomplish this task by pumping a bicycle to provide the 
work necessary to operate a car generator. The generator 
will then produce electrical energy which will be used to 
provide the work required to make the light bulb glow. From 
the work you do you should gain a feeling of how much work 
we expect the electric company to provide us. 
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Apparatus 

Bike generator set-up 
Procedure 

^' ^JloS tU^^"" ^""f" ^° generator, take time to 

t??^.,?a>. S^^'^'P Iftilizes simple machines to 

S """"^ flexing of your muscles 

to the work required to light the light. Be sure to 
consider the levers in your legs as Sell. Summarize 
briefly on the worksheet. oujumanze 

^' °"a,J^® """^^^ the light or lights to 

glow. The power you are producing at that noint can be 

bHn (the unitfw^ll 

Optional Activities 

1. Examine the exposed watch. Briefly describe (in words 

^t®"' transfers your applied force 
into stored energy in the spring. 

^' advantage does the knob have 

over the spindle? Explain in terms of lever arms and 
torques. 

3. Examine the human lever demonstrations. Make the 

necessary measurements to estimate the ideal and actual 
mechanical advantage of the bicep. How does thi« 
compare to a simple lever? What class of lever is 
this set-up? What is the efficiency of this system? 

systei!^® efficiency for a pulley, lever, and ramp 
5. Determine the AMA for the pulley system below. 

y / y y y: y y 




Fig. A. 3. 2. 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 



Laboratory 3 Work and Energy 
Simple Machines 



Introdu ction to simple marhinpg l/Z 

How are screwdrivers, hearts, eggbeaters, and automobiles 
alike? They are all machines. To talk about machines we 
need to understand the following: 

A FORCE is a push or pull as you -iiscovered in Laboratory 2. 

When you push or pull something (apoly a force) and 
mak . it move you do WORK on it. Work is done in the 
distance a force moves something, it is given by 
WORK = FORCE X DISTANCE (Force in newtons, distance 
in meters) ; t!xe unit of work is the Newton-meter 
which is given the name Joule. 

It requires ENERGY to do work. Energy is the ability to do 
work or to change the state of master; it is also measured 
in Joules. 

A simple Machine is a Force Magnifier (or reducer) which is 
used to change the magnitude or direction of a Force so that 
it can be used more convenientli', A Compound Machine is a 
combination of simple machines. 

Basically a machine can do the following: 

A machine can change a small force into a large one 

(magnifies the force) . 
A machine can make things move faster. 
A machine can change the direction of a force. 
Machines can make it easier to do work. 

Note that you laust put energy into the machine in order to 
get it to do V :k. A machine cannot make energy. 

Machines are not to be confused wi-c^i: 

Engines which convert thermal energy to work or convert 
chemical or nuclear energy to thermal energy and 
then to work. 

Motors which convert electrical energy to work. 
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Today we are going to study some special simple machines: 
the lever, the inclined plane, the screw, and the pulley. 
Each of these has been used for centuries; cc "-lex machines 
are just clever combinations of these. 



Levers 



An example of a simple lever is shown in Fig. 1. F is the 
applied force (the force you apply to the lever) ; L is the 
load force — the force which is available at the output end 
of the machine as it is operated (for example it is the 
amount of force [or weight if you like] you could lift at 
the end of the lever) ; P is the fulcrum; Dp is the distance 
from the applied force to the fulcrum (it is called the 
lever arm tc the applied force); and Dj^ is the distance of 
the load force from the fulcrum (it is called the lever arm 
to the load force) • 




Figuro 1. A Simple Lever (First Class) 

Note that the lever arm^ as in any ype of lever, is the 
perpendicular distance from the fuxcrum to the force, 
whether it be the applied force or load force. This is the 
same method we used to calculate the torque in Laboratory 2. 
A lever takes advantage of the torque created by the force. 
You can calculate the output force by using the methods you 
developed in Laboratory 2. The type of lever, shown in Fig. 
1, is sometimes called a first class lever (the fulcrum is 
between the applied force and the load force) . 

A pair of scissors, shown in Fig. 2, illustrates another use 
of the first class lever. If one blade of the scissors is 
regarded as fixed, then the force F applied by the user 
results in a force L being developed by the blade of the 
scissors against the material being cut. P is the pivot 
around which the blade turns. Other examples of this type 
of lever are a screwdriver used to pry a lid off of a can, a 
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Figure 2. Scissors in terms of Simple Machines 

Another type of lever is the second class lever. In a 
second class lever the load force is between the applied 
force and the fulcrum. Fig. 3 shows an example of this type 
of lever. Here the applied force F results in the lifting 
force L on the load. The axle of the wheel acts as the 
fulcrum. A nutcracker is another example of this type of 



A third type of lever is the third class lever. Here the 
applied force is between the fulcrum and the load force. An 
example is shown in Fig. 4. The applied force F, shown in 
Fig. 4, results in the lifting force L on the textoook, with 
the elbow joint acting as the fulcrum. Another example is 
when you use a broom in sweeping. 



lever. 




Figure 3. A Second Class Lever 
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Figure 4. A Third Class Lever 



A fourth type of lever is the wheel and axle. Looking at 
Fig. 5, a force F applied at the rim of one of the wheels 
tends to turn the whole set-up and thereby cau.es a load 
force L to develop on the rim of the other wheel. In this 
manner you can see that it is just like any other lever. An 
eggbeater also illustrates this. 




Figure 5. The Wheel and Axle 

Another illustration of the wheel and axle is shown in 
Figure 6, where gear teeth serve to connect the two wheels, 
and Figure 7, where a chain connects the two wheels. The 
gear teeth, belt, or chain serve to transmit the force from 
one wheel to another. Each whe^l acts like a lever, where 
the radius of the wheel acts as the lever arm. 




Inclined Plane and Screws^/^ 



i^e^iS ? ^^^P^y ^ "^P) ' is used to make 

It easier to lift a heavy load. The principle of how an 
inclined plane accomplishes this is shown in Fig. 8., which 
represents a sloping board on which a box is being pulled up 
the board. W is equal to the weight of the box (mg, it 
points straight down); w is the component of the box's 
weight along the ramp (it points down the ramp) ; F„ is the 
force perpendicular to the ramp and pointing up from the 
plane (it is the force the ramp applies to the car) ; F is 
the force applied to move the box up the ramp (Note that we 
have ignored friction, if it were included it would point 
in the same direction as W.^, since friction forces oppose 
the motion) . 

As can be shown through graphical vector addition (see 
Laboratory 2) . Wj^ is less than W. Therefore you can see 
that it takes less force to pull (or push) a box up a ramp 
than to lift it straight up! f 




Figure 8. An Inclined Plane 

A wedge, an ax, and a knife blade are other examples of the 
inclined plane simple machine. 

An ordinary screw is an inclined plane wrapped around a 
cylinder (see Fig. 9) . The upper edge of the inclined olane 
follows a helical path which forms the screw thread. The 
inclined plane in this form is used in almost all machinery 
buiJt for home jr industrial use. 
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p 



n 



Wrapped around 




Figure 9. Relation between a screw and 



ramp 



P\.lleys^'2,3 



A pulley is a wheel which can be used to change the 
direction of a force. A simple pulley is illustrated in 

10. The pulley is attached to a support; the rope is 
tied to the load and then passed over top the pulley; the 
person applies a force, F, to the free end. This results in 
an upward force L on the attached end of the ropj. In the 
absence of friction in the pulleys, the tension in the rope 
is the applied force F. 

If the load in Fig. 10 is being lifted, such that its net 
force is zero, the applied force, F, must equal the load 
force, L. So if the load equals 670N, then the applied 
force will also equal 670N. in practice the applied force 
is greater than the load force due to friction in the 
pulley. Notice that should we pull the load aocm into the 
air we will have to pull the string 20cm. 




Figure 10. A pulley 

A combination of pulleys not only change the diraction of 
the force, but also reduces the magnitude of the applied 
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f?oSn in pfa ?i''^J>,' t\ the pulley system 

is oSlled on'bi ;>„.!S^ applied force is F. The load force L 

pulley ?haris^attach«fi;"fK °f "^^^ °f the 

Lis r^i"-^^^^^^^ 2?Li%air^" 

^L/?? L^^^ if supporting one third of the load 

^Si^kirfiL^J^Sd &?^tr ' ^'^^ ^^^^ ^° 

^ / y y y y 




Figure li. a system of pulleys 

If there is fricticn in the pulleys, a force laraer than 1./3 
must be eyorted on the rope/ Howev4r in bo?h tSffr^u^ion'^ 

?e^?rer^i^J^°" 1""^' 'i"^"^ through 10cm ' 

?oL «,^!t®S''^ ^^f^S*^ shortened i.y locm, wh'.ch means 
fo^L ^® pulled out Of the pulley system. So the 

I^kX »°ved through a distance thJee times that 

which the load is raised. 

Characteristics of simple Machines^ 

^f^K^i^ "u^ investigate several characteristics of simple 
machines by which we can judge their behavior. ^•^"'P-^^ 

Efficiency 

As you have gathered from reading ^bout the various 

i!!®^'*^^® applied force F must move through a distance 
and therefor?, does work; this inout of work represents the 

TrSL ^" outsiSriource But 

during this process the load force L also moves throuah a 
certain distance, and does work ~ an output of work or 

SiuJ^d." ^^^^ °^ ^"^""^ ^« usefully 

The efficiency of any machine is defined to be the ratio 

E « work OUI; . LfP rl 
work in f(D^ 
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Where E » Efficiency of a machine. 

L « load force exerted by the machine. 

= distance moved by load force L. 

F = force applied to the machine. 

Dp = distance moved by the applied force F. 

This ratio is often expressed in percent (by multiplying by 
100) ; it can be thought of ris indicating the fraction (or 
percentage) of the total energy put inta the machine which 
appears as usahie energy at the output end of the machine. 
For an ideal ir.achine we would have no friction and therefore 
the efficiency would bo 1 'or if you like 100%) . 

With any real machine we have friction forces. sinc<j these 
forces will be present whenever we put work into the system 
it is evident that the output work will be less than the 
input work. The work done by the applied force muse provide 
the work to move the load in addition to work done by the 
frictional forces. Often this friction is useful! For 
example when you lift a heavy load up with a pulley, 
friction helps keep it from falling back. 

So, in the real world the efficiency will always be less 
than 1 (or 100%) . In this lab you will determine the 
efficiency of the different simple machines. 

Mechanical Advantages^ 

Since we get less energy out of a simple machine than we put 
in, you might ask why we even use them. The following 
example will illustrate the advantage of simple machines. 
Suppose we wish to charge the tirp on a 9000N (-2000 
lb.) car. The work required to raise it .20m is 1800 J (i.e. 
Work « Fd) . Most people cannot do this directlyl 

If, however, we vise a jack, we can easily develop the 9000N 
force and raise the car .20m. The person accomplishes this 
by applying a force of, say 225N at the jack handle, the 
jack multiplying this force by 40, assuming no friction. 
But the persoii operating the jack hi 3 to pump the handle up 
and down many times. By the time the car is raised .20m, 
the handle will have been pushed through a total distance of 
.2m X 40 « Bsi. The work of 8m x 225N « 1800J at the input 
is felt as (.20m) x 9000 » 1800J at the output. Note how 
the proportion of force and distance has been drastically 
altered. 

It is apparent that a small amount of force moving through a 
large distance can accomplish the same amount of work as a 
large force moving through a small distance. This is 
illustrated by the jack. This work relation explains h'-w 
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simple machines can help with tasks. The ratio of the 
applied force to the load force in a simple machine is 
called its mechanical advantage. This ratio, in effect, 
tells you how much a machine magnifies the force you apply, 
i.e. the advantage you get. 

In the previous example, ignoring frictional losses, the 
ratio for mechanical advantage is the same as the ratio of 
the distance moved by the input force t-* the distance moved 
by the output force. This is t-nae for .ny simple machine 
(try verifying this for yourself) . 

In any actual machine, however, frictional losses do exist 
and must be supp: ed through additional work by the appl ed 
force. So, in the jack, frictional forces in its mechanism 
might require a force of SOON rather than the 225N exerted 
on the handle to develop the 9000N load force. The actual 
mechanical advantage (A.M. A.) is then only 9000N/300N, or 30 
instead of 40. The handle must nevertheless be pumped 
through the same 8m to raise the car .20m as before. 

So the mechanical advantage the ]a-:k wo .Id have, under the 
ideal conditions of no friction, remains the ratio of the 
total distance the car is raised: 8m/. 20m or 40. This is 
called the ideal mechanical advantage (I.M.A.) and is given 
for any simple machine by the ratio of the distance moved by 
the applied force to the distance moved by the load force. 

Therefore the two equations we have to describe mechanical 
advantage are: 

I.M.A. » gF-IDi sta nce moved bv app l ied forcje ^ 
(distax'>ce moved by load force) 

A.M. A. - ^ force) 

F (Applied force) 

The distances. Dp and that are shown in the figures of 
this writeup are the ones to be used in the I.M.A. equation. 

In tha lever shown in Fig. 1 the distances moved are 
proportional to Dp and D^, respectively; thus in this case 
I.M.A. is equal to Dp/Dr . A large lever a.ia Dp means a 
large I.M.A., which follows from experience with levers and 
torques in Laboratory 2. The height or the upper end of the 
inclined plane (ramp) of Fig. 8 represents the distance D,. 
through which the load is lifted when the applier" force 
mces the entire length of the plane (Dp). Hence, a long 
gently sloping ramp would have a very high I.M.^. 
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A convenient way to determine the I.M.A. of a system of 
pulleys, such as shown in Fig. 11, is to count the number of 
strands supporting the moveable pulley. Analysis of ^he 
operation will show that this gives the I.M.A. directly. 
For other pulley arrangements one must inspect the pattern 
and see how far the applied force F must move in crder to 
move L one unit of distance. 

Keep in mind that I.M.A. is the ideal case with no friction. 
Any practical machine will have an A.M. A. less than I.M.A. 



Even though tua lever arm is not the dis-cance the force 
moves through, it is proportional to that distance. This 
can be shown from similar triangles, drawn from distances 
of movement and lever arm distances. 
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National Science Foundation (Grant SED-7718034/l979) . 

clof tffr''and"nLn" V/ ^'' 7^^^" ^' ^ Edition, by Bernard 
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Worksheets for 
Laboratory 3 Work and Energy 



Name Date 

Partner's Name 

Part I Simple Machines 
Section A.l — Levers 
Motor Lifting Lever Set-up 

1. Record the weight of the Blue Motor 
(Convert to Newtons) 

2. What class of lever does this set-up illustrate? 



3. Try the lever set-up at the three different lever arm 
lengths m&rked on the bar. Below, sketch each case, 
indicating the lever arm length to the applied and load 
force • 



4. Which of the above situations was it easiest to lift the 
motor? Why? Explain in terms of torques, and lever 
arms. Calculate the applied force for this case. 
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5. Make the necessary measurements to determine the ideal 
mechanical advantage of the case that was easiest to 
lift the motor and that that was most difficult. How 
do the numbers compare? Why might this be? 



. Explain what mechanical advantage means, based upon your 
observations, prelab reading, and calculations. How 
does mechanical advantage convey the idea of force 
magnification or reduction? 



Miscellaneous Levers 

Experiment with the rest of the equipment. Answer the 
questions below. 

l.a. Sketch the screwdriver and lid indicating the fulcrum 
and lever arms. 

b. Wi t class of lever does this set-up illustrate? 
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2.a. 
b. 



Sketch the nutcracker with a nut, indicating fulcrum 
and lever arms. 

wnat is the ideal mechanical advantage of this system? 
What class of lever does this set-up illustrate? 



Hold the broom as shown in Fig. I.A.I. The hand at the 
top of the broom is the location of the fulcrum and is 
held fixed. The hand on the handle is used to supply 
the applied force which moves the broom. 

a. Indicate, on Fig. I.A.I, 
the fulcrum and lever 
arms. 

b. What clasr- of lever does 
this set-up illustrate? 

c. What is the ideal 
mechanical advantage of 
the broom determined from 
measurements made 
while you hold the broom. 

d. How does the distance 
your hand (holding the 
handle) moves comp^^re 
to the distance the end 
of the broom moves? 




Fig. I.A.I 
The Broom 



Examine the hand drill. 

a. Briefly describe (in words and drawings) how the 

direction of force is redirected, (i.e. which turns 
faster, do all wheels turn in the same direction?) 
and how the force is magnified or reduced. 
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. What class of lever does this set-up illustrate? 



Summary 



1. In your own words, describe (with examples from your 
laboratory experiences) how levers demonstrate the 
ability to magnify, reduce, and redirect an applied 



Section A. 2 — Inclined Planes and Screws 
Inclined Plane 

1. We.lght of suitcase (in Newtons) 

Length of board 

Height of board above floor 

Angle of board 
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Lift the suitcase onto the table using the spring scale. 
Record the average spring scale value 



Pull the suitcase up the ramp using the spring scale 
the height of the table. Record the average spring 
scale value 



What do your values suggest? What is the easiest way 
(in terms of force applied) to lift this suiccase to the 
table? 



How does this machine accomplish its task? (i.e., does 
it magnify, reduce, or redirect a force?) Draw 
on your experiences in Laboratory 2 to develop an 
explanation. 



Calculate the work done for lifting and for palling. 
How do these compare? Does this agree with what you 
know about simple machines? Why or why not? 
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7. Detent ine the I. M. A. and A.M. A. of the board. Are they 
the save or different? Why? show your work below. 



8. If you were to decrease the angle of the board how would 
the I.M.A. change? The amount of work done? 



The Screw 



1. Unroll the large screw model. Explain in your own words 
how a screw is made from a wound up ramp. 



2. Take apart the lipstick container. How does the amount 
you turn the base of the container relate to the amount 
the lipstick holder is moved? 
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Section A. 3 — Pulleys 

TABLE A.l. Pulley Data (g = lOm/s^) 



Pulley 


Single 


A 


B 


C 


D 


Data set-up 








# of support 












strands 












Load Force (N) 


10 


10 


10 


10 


10 


Applied Force (N) 


Dist. Applied 












Force moves (m) 












Dist. Load Force 












moves (m) 


.2 


.2 


.2 


.2 


.2 


Work by Applied 












Force (J) 












Change in PE 












by Load (J) 












I.M.A. 


A.M. A. 
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Pulley Ouestiong 



1. 



For the case of the single pulley, what does the spring 
scale read when you stop pulling? what does it read 
when you lower the load? Explain the differences 
oDservcd, 



2. In general, how does the change in potential energy 
compare to the work done by the applied force? Why? 



3. What relation did you see between the number of strands 
and the mechanical advantage? 



4. How did the distance the force act-sd through change with 
the mechanical advantage? 
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5. Summarize how a pulley system uorks. in oarticular 
describe how a pulley redirects and magnifies or 
reduces the force. 



j'art II Work 

1. Summarize, through sketches and words, how the energy 
required to generate electricity arrives at the 
generator from your muscles. 



2. Calculate the power required for 1 lamp. For 2 lamps. 



3. Hold your hand in front of the lamp. What do you feel? 
Where docs this come from? 
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4. What happened when you switched from 1 lamp to 2 lamps? 
Why? 



5* Given that 746 Watts equals 1 horsepower, how many 
horsepower did you generate for 1 lamp? 2 lamps? 



6. Explain the difference between the daily use of the word 
•work* and the way it is used in 'physics'. 
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Lab 3 Work and Energy 
Apparatus List 



Per Lab 
Lever Demo 

Metal bar, saw horse, chain, blue motor (weighs 1324N 

[300 lb.]) 
Back lever display 
Bicep lever display 
Tricep lever display 
Open face watch 
Nutcracker & walnuts 

Eggbeater or drill (hand turning type) 
Door handle with detachable knob 
Screwdriver and can with lid 
Broom 



Inclined Plane Demo 

Plank (mount to table 2.5' from its end 
Large protractor 
plumb bob 
weighted suitcase 
15kg spring scale 

Screw demonstration from lecture prep. 
Lipstick container 



Pulley Demo 

12 eyebolts overhead 

Pulley set-ups shown in figure A. 3.1 




PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 



Laboratory 4 Gas Laws and Heat 



Purpose 

The goal of this lab is for you to determine the relationships of 
the gas law {P V = n R T), and explain phenomenon of heating and 
cooling . 

Part I Behavior of Gases" 



The volume of a gas will change if you change either its temper- 
ature or its pressure. Apparatus similar to that shown in Fig. 1 
will be used to experimentally determine the relationships among 
these variables. 



Section A 



Relationship between volume (V) and pressure (P), holding the 
temperature constant. 

1. Find the diameter of the syringe. Record this on the 
worksheet. 



2. Set the piston near the top of the syringe. This adjustment 
is best made by placing a string or soft wire along the 
piston seal when inserting the piston into the cylinder. 
This will allow some of the air to escape. Withdraw the 
wire when the piston is at the desired location. In order 
to prevent scratching of the walls of the syringe, make sure 
:he wire is not kinked. Be sure the air and cylinder are 
dry because water vapor will effect the results. 



Figure I.A.I 



Setup for investigating 
the relationship between 
volume, pressure and 
temperature of a confined 
volume of gas. The plastic 
tip at thi^ bottom has been 
cut off and heat-sealed to 
make the syringe airtight. 
The wire is used to set the 
initial volume. 
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weight 

wire 
plastic syringe 



beaker (for 
support) 



tip of syringe 
is heat sealed 
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3. Starting with 5N, load the piston slowly with weights up to 
several 10 's of Newtons, recording the volume, V, for each 
load. Obtaining the correct volume takes ca^i. After 
loading the piston you may get better data if you compress 
the gas a bit more by pushing down on the piston and then 
releasing. To check that the position of the piston is 
uninfluenced by friction, twist the piston without pushing 

.or pulling. Pecord the weight and volume on the table in the 
worksheet. 

You may want to approach the equilibrium position from above 
and then again from below and average the results. 

2 

4. Determine the pressure, P (in N/m ) and also the volume V 
(in m ) for each of the loads. Your lab instructor will 
esplain how to calculate these values. 

2 

5. Graph your pressure valves, P, in N/m on the y axis against 
the corresponding valve of Volume, V, on the x axis in m . 

6. Regraph the data using 1/V on the x-axis. You should obtain 
a linear relationship. 

7. Complete questions 1-4 of the worksheet. 

8. Repeat the experiments with one or two other gases. Carbon 
dioxide (in the form of dry ice) and natural gas are 
available. Put your work in the tables. 

9. Complete questions 5 and 6 of the worksheet. 



Section B 

Relationship between the volume of a gas and its temperature 
(holding the pressure constant). 

The procedure will be to measure the volume of a gas at the 
freezing temperature of water and again at the boiling temper- 
ature of water, while holding the pressure constant during all 
the measurements. Instead of measuring the volume of the gas at 
more than two fixed temperatures in order to show the linearity 
of the relationship between volume and temperature, we will 
assume the linearity. We can then construct a graph of volume 
vs. temperature with only two points. This graph can be regarded 
as a calibration graph for using the volume of gas as a thermo- 
meter. This is, in fact, the approximate procedure followed by 
early experimenters. 

1. Adjust the volume of air so that, while supporting a load of 
about 20N on the niston, the volume of gas is a little more 
than half the me jred capacity of the cylinder. Immerse the 
cylinder and piston in a mixture of ice and water using as 
much ice as possible. Allow some time for the immersed 
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cylinder and the air to come to the temperature of the ice 
water bath. Record the volume of the confined air. Measure 
and record the temperature of the ice water. Keep the beaker 
of ice Water; you will use it later. 

2. Using the other 600 ml beaker ^ place the apparatus in hot 

water and bring the water to a full/ rolling boil. Continue 
to boil until you are sure the temperature of the confined 
air is the same as that of the boiling water. Record the 
volume of the air. Measure and record the temperature ol 
the boiling water. DO NOT let the thermometer bulb rest on 
the bottom of the beaker. After all the measurements are 
takenr keep the hot water; you will use it later with other 
gases. 



Section B.2 

3. Answer questions 7 and 8. 

4. On graph paper mark off the horizontal scale in units of 
volume including zero volume and the two measured volumes. 
Mark off the vertical scale in degrees Celsius from -300+O 
to +100 . Plot your data carefully. 

5. Using your "air thermometer" measure the termperature of tap 
Water. Record your value on the worksheet. Also record tha 
value found by using a thermometer. 

6. Repeat the experiment (steps A and B) with two other gases 
such as CO2 and natural gas and plot the results on the 
same graph as in II. C. Extend all three lines so that they 
cross the vertical axis. Determine the temperatures 
corresponding to zero volume. Record your results on 

the worksheet. Staple your graph to the back of the 
worksheet. 

7. Answer questions 9, 10, and 11. 



Part II Leidenfrost Effect and related stuff 



Section A Liquid nitrogen demonstrations 

Introduction 

In this part of the lab you will look at the effect of liquid 
nitrogen on various materials. This is a qualitative part in 
that you will be describing what you observe. Just remember that 
liquid nitrogen is twice as cold as boiling water is hot^ 
therefore be careful not to splash any of the liquid nitrogen on 
yourself because it might hurt you. A liquid nitrogen freeze 
will look and feel like a burn. 



Apparatus 



Dewar, carnation, racquet ball, 2 balloons/ rubber rubing , 
liquid nitrogen 



Procedure 

Your lab instructor will demonstrate the effect that liquid 
nitrogen has on various materials. You will be asked to record 
your observations and explanations on the worksheet. 



Section B Quench demonstration 

I ntroduction 

In this part of the lab you will look at phenomena due to 
heating. You will try to formulate an explanation of the 
experiment that you are about to do. The description and Figure 
II.B.l below are to be used for reference in completing your 
description. 

The color of an incandescent body is a measure of its 
temperature. Glass and steel makers can tell if their furnaces 
are at the proper temperatures just by looking at them. Figure 
II.B.l below gives a rough indication of the color produced by a 
body at different temperatures. 



Color of incandescent light 


Temperature 


of Body 




°c 


°F 


Incipient dark red 


540 


1000 


Dark red 


650 


1200 


Bright red 


870 


16C0 


Yellowish red 


1100 


2000 


Yellowish white 


1260 


2300 


White 


148C 


2700 


Fig. II.B.l Color of incandescent 


bodies of various 


temperatures 
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Apparatus 



One bunsen burner per lab group, matches, two bunsen burners at 
the back of the room, two additional hot plates at the back of 
the room, one brass knob and stand per labgroup, two brass knobs 
at the back of the room, two 600ml beakers at the back of the 
room. 

Procedure 

1. Fill the two beakt^rs about 3/4 full with water, one at room 
temperature and the other just below the boiling point. 

2. Heat the brass knob until it is cherry red. (Estimate the 
temperature; see Figure 1). Record this on the worksheet. 

3. Plunge the hot brass knob into the beaker of room temperature 
water and hold it immersed until it cools. CAUTION: do not 
let it touch the glass because it may break the beaker. 
Record your observations on the worksheet. 

4. Reheat the brass knob. Take the boiling water off the hot 
plate. Plunge the hot brass knob into the hot water. Record 
your observations on the worksheet. 

5. Describe quenching in cool and hot water. Explain the 
differences in the worksheet. (This is the Leidenfrost 
effect) . 



References 



1. This laboratory is adapted from A Survey of Laboratory 
Phyics, Part I , by Paul A. Pender. Star Publishing Company, 
(Belmont, CA, 1985). 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 



Optiona Handout for Lab 4 — Energy Transfer 
EXPERIMENT ON HEAT BALANCE* 



This laboratory consists of three parts. Your performance will 
be judged by Part III only. (But to be able to do Part III you 
will need to read Part I and do Part II.) 



Part I: Background Information and Principles 



Nothing is more important to our existence than the balance 
between the heat energy we receive and the heat energy we give 
off. The earth receives heat from the sun and sends heat back 
into space. Our environment has a temperature such that on the 
average the heat received and the heat given off are in balance. 
On a smaller scale of size, the heat balance of houses (which can 
be controlled by design) can be such that one house will be 10 
hotter in summer than another. Finally, the heat balance of our 
persons can vary widely, due to differences in clothing, for 
example. 

An interesting aspect of heat balance is the so-called greenhouse 
effect. Although you may not own a greenhouse, you have 
encountered the effect if you have left your car sitting in the 
sunshine with the windows closed. In countless cases the 
greenhouse effect has been the Waterloo of the architect, who has 
designed large areas of glass in the wrong places for artistic 
reasons, only to find he has produced an oven! 

There are three distinct ways that heat can be transferred from 
one location to another; convection, conduction and radiation. 
Convection is the transport of heated material to a cooler 
location. For instance, the ?xir near a fire becomes hotter, 
expands and rises carrying heat away from the fire, conduction 
is the process by which heat is carried to the handle of a frying 
pan when the pan is held over a fire. The atoms of the pan in 
contact with the flame become hot (i.e. they vibrate faster) and 
cause neighboring atoms to heat up. Thus the heat is carried 
through the pan to its handle. Radiation refers to the transfer 
of energy by electromagnetic waves. When these waves are 
absorbed by a body the energy is converted into heat. The sun's 
energy is carried through almost empty space to the earth by 
means of electromagnetic radiation, mostly infrared and light 
waves. Although infrared is not visible, it can be felt, for 
instance, as the heat from a hot stove or from a fire. 

* A Survey of Laboratory Physics, Part 1 , by Paul A. Bender. Star 
Publishing Company (Belmont, CA, 1985). 
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Every object continuously receives energy from the outside^ and 
also continuously loses energy to the outside, by one or all of 
the processes just mentioned. If the rate of receiving energy 
from the outside is gre^.ter than the rate of giving off energy to 
the outside / the difference goes into raising the temperature of 
the object itself. If, on the other hand^ chere is a net outflow 
of energy / then the temperature of the object will fall. If 
conditions remain constant for a while^ the object will reach a 
constant temperature^ at which the outflow just equals the 
inflow. It will then be at equilibrium with its surroundings. 

In interpreting your experimental results you will need a fact 
about the absorption and emission of radiant energy. Briefly 
stated^ it is that a given color surface (say black) which is a 
good absorber of radiation is also a good emitter of radiation^ 
and vice versa. You will also need to know that the rate of 
emission of radiant energy by an object increases extremely 
rapidly as its temperature is raised: In fact, as the fourth 
power. More quantitative statements can be found in your 
textbook. 

The fact that makes heat balance an interesting puzzle is that an 
object may receive energy by one means , but may not be able to 
get rid of it by the same means. For example, if you have a box, 
painted black on the inside, that has a small glass window, and 
you project a beam of light into it through the window, radiant 
energy will go in, but little will come out. The box will have 
to get rid of the energy by ot. er means, and in order for 
equilibrium to be reached, the inside of the box may have to get 
quite hot. This is called trapping of heat; in this case it 
might be called trapping of radiation . The greenhouse is a form 
of trap. You will have a chance to observe this effect first 
hand. 



Part II; Introduction to the Apparatus and B^isic Measurements 



Your source of energy will be light from a reflector flood lamp, 
which is entirely radiant energy. The beam can be projected onto 
a copper disc, which has a thermometer in it. When other factors 
are kept constant (e.g., the distance from the lamp), the initial 
rate of rise of temperature after the light is turned on will be 
proportional to the rate at which the energy is absorbed from the 
light beam. To obtain the rate, you can just measure the rise in 
temperature in a short interval of time, say one or two minutes. 
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the plastic stops is negligible (this has been tested) but 
it does prevent the movement of air. Place the box over the 
black disk as shown. Heat it up to a little above the 
starting poirt you used in the previous exercise on the 
cooling rate. Shut off the light, and as the temperature 
falls, get the rate for the same range of a few degrees that 
you measured when the box was not over the disk (in the 
previous test) . 



Figure 2. The "greenhouse" 




Part III; Questions and Further Experiments 

You have been introduced to some measurements that are possible. 
Some of the variables are: black or white disk, box or no box, 
distance from the light, etc. You are on your ovm to do seme 
further experiments. The list of questions below will suggest 
experiments, or perhaps require them. A well reasoned and 
experimentally demonstrated answer will be worth much more than 
guesses. For each question include reasoning, experimental 
results, sketches and graphs needed to support your answer. 

1. What color clothing would you choose to wear (a) in sunny 
hot Mexico? (b) for skiing on a very cold, clear day? 
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A. Measure the initial rate of rise for the black aisik. The 
experimental arrangement is shown below. 




Figure 1. Schematic diagram of the experimental set-up • 

After taking the data, plot the temperature against the time 
(say every 15 sec.) for at least the first two minutes. In 
this way you can easily determine the rate of increase from 
the slope of the line using the nearly straight portion of 
it. Express the result in degrees per minute. (There will 
always be a curved part at ^h'e very beginning, the first 15 
sec. or so. This is due to a time lag between the 
temperature of the thermometer and the temperature of the 
disk. Ignore this curved part when drawing the straight 
line. ) 

B. Measure the rate of cooling, which is proportional to 
the rate of loss of energy. To do this, raise the disk to 
some elevated temperature, say 20 or 30° C above room 
temperature, by projecting the beam onto it. Shut off the 
beam, and plot the fall of the .emperature for about three 
minutes. (As before, do not use the brief curved part at 
the very start:. ) 

C. Finally, make a measurement in which the heat loss by 
convection is reduced. We have provided a box which will 
enclose the disk. The sides are of extremely thin plastic 
of the kind used in the kitchen. The amount of radiation 
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2. How would the temperature of the air in a closed room by 
affected if you were to stop the sunshine from coming in 
by hanging a black curtain just inside the window? A white 
curtain A black or a white curtain just outside the window 



3. Imagine a car sitting in the sun. Using your greenhouse, 
explain how the equilibrium temperature inside will differ 
in different circumstances, e.g., windows closed or open, 
white or black upholstery, etc. 



4. Some houses have white roofs and jome have black, or nearly 
black. Is there reason for the choice of roof color? 



Optional Questions 

1. In the sunshine on a very cold day you have a black coat and 
a transparent plastic coat. How will you arrange these for 
maximum warmth? 
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Undei what conditions will snow that is blackened on top by 
soot 'city air pollution) melc faster than clean snow? Would 
soot be a suitable agent to use for snow removal? 



If you were to blow air onto the disk from an electric fan, 
what would change, heat absorption or loss? 



You have measured certain things auout a white and a black 
disk. How do you think a reflecting (mirror-like) surface 
would ccnipare? Would it be like the black,, the white, or 
neither? You may be able to find some aluminum foil. 



Our planet as a whole ( including the atmosphere ) received 
nearly all of its energy in the form of radiation from the 
sun. By what process (es) does it lose heat? 



05 



6. When the rate of loss of heat becomes equal to the rate of 
gain, the system is in equilibrium, i.e. at constant temper- 
ature. Of the various conditions (white, black, greenhouse, 
no greenhouse) can you give a reason as to which should give 
the highest, and which the lowest, equilibrium temperature? 
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Lab 4 



Needs 



Per Station 



2ea . 
lea. 
lea. 
lea. 



lea. 
lea. 
lea. 
lea . 
lea. 
lea. 
lea. 



Beakers (600 ml) 

Sealed syringe (on mount) 

Plunger (with weight holder) 

weight set (Ig. flat [1] l/2kg, [2] 1kg, 

[1] 2kg.... NOTE: Label masses as l/2kg as 5N 

1kg as ION 
2kg as 20N 

Thermometer 

Hot plate 

Bunsen burner 

Brass knob 

Small table clamp 

Brass knob holder 

Wire for syringe/plunger 



Optional 
lea. 
lea. 
lea. 
lea. 



Green house 
Black disk 
White disk 
Spot lamp 



set-up [heat balance lab] 



Per Lab 

Dewar 
Carnation 

Small CO2 block and cooler 
Box of matches 
Racquet ball 
Rubber tubing 
2 balloons 

Flask with cork and side extension for tubing 
Heavy duty syringe set-up 
Spray lubricant 

Set-up in back 

2 Bunsen burners 
2 Hot plates 

2 Small table lamps 

3 600 ml beakers 
2 Brass knobs 

2 Brass knob holders 

Optional 

Box of heat balance stuff .. .construction paper, 

filters, foil, scotch tape, plastic wrap 
1 Blower 
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Worksheets for 
Laboratory 4 Gas Laws and Heat 



Part I 
Section A 

Title and number }. our graphs, and staple them to the back of the 
worksheet . 

1. What does the fact that the graph in Section A, step 4 

being different than Section A^ step 5 indicate about the 
relationship between P and V? 



2. If we write P = A + B/V what value of A and B does your step 
5 graph suggest. 



3. Using the graph found in Section h, step 5, calculate the 

value of P for which V is infinite, that is, for which 1/V is 
zpro. 



4. What is the significance of this value of P? What should its 
value be? 
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5. What do you suppose determines the magnitude of the constant 
B in the relationship between P and V? 



6. Does the constant slope depend on the gas? 



Section B 

3 

Volume of cooled air (in m ) 
Temperature of ice water = 



3 

Volume of warmed air (in m ) 



Temperature of boiling water = 



7. Why should you keep the thermometer off the bottom of the 
beaker? 



8. You might have expected the temperature of the boiling water 
to be 100 C, but it wasn't. Why not? 
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What is the temperature of tap water according to your air 
thermometer? 



How does this agree with the value found by a mercury 
thermometer? How can you account for the difference if there 
is any? 



Volume of cooled carbon dioxide = 

Temperature of ice water = 

Volume of warmed carbon dioxide = 

Temperature of boiling water = 

Volume of cooled natural gas = 

Temperature of ice water = 

Volume of warmed natural gas = 

Temperature of boiling water = 

Temperature for zero volume of air = 

Temperature for zero volume of = 

Temperature for zero volume of natural gas = 

9. How do these three values compare? 
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10. Is there any meaning to temperatures lower than that corre 
spending to zero volume? Explain your answer. 



11. Write a mathematical relation between V and T. Combine 

this with the results of part I to write a single equation 
relating P, V and T of a gas. 



Part II 

1. Write down what you observed when your lab instructor poured 
liquid nitrogen onto the table. Why did the nitrogen slide 
around? Have you ever seen this sort of motion occur when 
you sprinkle water onto a hot pancake griddle? Explain . 



2. Writ' down what you observed when the inflated balloon was 
dipped into the liquid nitrogen. Does this agree with the 
gas law you determined in Part I? Another way to explain 
what occurred when the balloon is dipped in the liquid 
nitrogen, is to consider the kinetic energy of the air 
molecules. From this statement, see if you can explain 
what you observed. 
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3. Write down what you observed with the carnation and racquet 
ball. Explain. 



Part III 

Estimate of temperature of the brass knob = 

1. Observations of the knob plunged into room temperature water 



2. Observations of the knob plunged into hot water: 



3. Explain the differences between the two cases. Why does 
this occur? 
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Worksheets for 
Laboratory 4 Gas Law and Heat 



Name 




Date 


Partner's Name 




Part I 




becuion A 




Diameter of the 


syringe (in meters) = 


Area of syringe 


2 

opening (in m ) [Area = 


2 

(radius) ] 


Table I.l 


Gas 




Load Weight 


Syringe Scale Reading 


Pressure 


Volume 


1. 








2. 








3. 








4. 








5. 








6. 









Calculation Space 
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Table 1.2 



Gas 



Load Weight Syringe Scale Reading Pressure Vo 1 ume 



2 



3, 
4_ 
5_ 
6. 



Calculation Spac e 
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Table 1.3 



Gas 



Load Weight 



1. 



2. 



3. 



Syringe Scale Readin g Pressure Vo 1 u.'ne_ 



5j 

6, 



Calculation Space 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 

Laboratory 5 Electrical Circuits 



Purpose 

The goal of this lab is for you to develop understanding of 
basic circuits used in everyday life. 



Series and Parallel Circuits 

Introduction 

While Thomas Euison was trying to invent the incandescent 
electric light in 1879^ he was also working on a system that 
would enable this light to be used in the home. That system 
included central power generators, switches , insulating 
materials^ meters^ and many more items. 

An important part of this system was a parallel wiring 
circuit for homes. Up to that time^ the only electric lights in 
existence were the extremely brilliant carbon arc lamps that were 
beginning to be used for street lighting. These had to be 
connected in series. The following experiment shows the 
difference between the two types of circuits. 

Apparatus 

3-volt source, three flashlight bulbs and sockets , leads 
Pr ocedure 

Start by setting up the simple light bulb circuit shown 
be low. 




Figure 1 — Beginning set-up 



216 



Start by setting up a series circuit, as shown. When final 
connectiors have been made and the bulbs are lit, loosen either 
bulb. Now set up the circuit for three bplbs in series. Record 
your observations and answer the questions in the wo^-ksheet. 
Substitute batteries for the battery eliminator and verify that 
the same results hold. 




Figure 2 — Series circuit 

Now change to a two bulb parallel circuit as shown in Figure 
3. Loosen either bu^'.. Now set up the circuit for three bulbs 
in parallel. Again loosen a bulb. Pacord your observations and 
answer the questions on the worksheet. 




Fiaure 3 — Parallel Circuit 



Now try a combination circuit, as shown in Figure 4. Record 
your observations on the worksheet. 




Figure 4 — A Combination Set Up 
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wiring Up 

Introduction 

In this part of the lab you will hook-up circuits to see now 
the various configurations work. On the work sheet you will be 
asked to explain how the various configurations work. 

Apparatus 

Two buzzers, three push buttons, 3 volt power source, leads 
Procedure 

Assemble three of the different circuits shown below. On 
the worksheet describe how each circuit works. 




in 



TiT 



n 



2. 'Bo 2-i/S»^ OiA£.'^t<3A 

Figure 5 — Circuit Set-ups 
The Special Circuits 
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Introduction 

You will now consider some other circuits. Your lab 
instructor will demonstrate them to you. During the lab you will 
have time to go back and develop an understanding of how the 
circuit works. 

Apparatus 

House lighting circuit set~up, conducting tester set-up, the fuse 
set-up, the light bulb set-up, the quiz board. 
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Procedure 

1. House lighting circuit study how this one works. Explain 
on the work sheet the current flow and how the position of 
the switches explain how it lights. 

2. The conductivity tester — Explain how this circuit works. 
Complete the table and questions in the worksheet. 

3. The fuse — same as above. Explain how this is important 
in protecting houses. 

4. The quiz board — Try to determine the circuit before looking 
at the back of the board. 

5. (Optional) The light bulb — same as above. What did you 
notice about the influence of air to no air? 



References 

1 . Simple Experiments on Magnetism and Electricity ... fr om 
Edison, by Robert F. Schultz, Thomas Alva Edison 
Foundation, Inc., Cambridge Office Plaza, Suite 141, 

18280 West Ten Mile Road, Southfield, Michigan 48075 (1979). 
The material used in this lab was taken verbatim from 
experiment 10. As a perspective teacher you may want to 
contact the Thomas Alva Edison Foundation. They have 
several booklets of excellent science activities (ranging 
from energy to environmental science). Additionally they 
have movies and resource units on Thomas Edison and other 
inventory aimed for the primary and upper elementary grades. 

2. Electricity , Boy Scouts of America, Irving, Texas (1985). 
The diagrams used here were adapted from this merit badge 
book. As you look for resource material in planning your 
lessons, consider looking at the Boy Scout merit badge book 
series. The merit badge book provides an overview of a 
subject. Also, each book lists several resources that 

can be utilized by junior high age cnildren. 

3. Safe and Simple Electrical Experiments , by Rudolf F. Grad. 
Dover Publications, Inc. (New York: 1973). Superb collection 
c 1 electricity and magnetism experiments using everyday 
materials. A must for every science educator's library. 
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ATTACHMENT A 

Build A CoTiductivity Tester 



Materials 



1 1/2 or 6 V Battery 
Lamp assembly 

Four feet of insulated copper wire 
Two pencils with eraser tips 
Two thumbtacks 

Substances can be divided essentially into two categories. 
First are the conductors, which allow electricity to flow through 
them with ease, and second are the nonconductors, or insulators, 
through which electrons will not travel or at best have a hard 
time getting through.* Among the insulators are glass, rubber, 
mica, silk, and oils. The best conductors are metals, but all 
metals are not equally good conductors. Some are better than 
others. Silver is the best. Listed below are a few commonly 
known metals in the order in which they rank as conductors. 



1. Silver 6. Tungsten 

2. Copper 7. Iron 

3. Gold 8. Tin 

4. Aluminum 9. Lead 

5. Magnesium 10. Mercury 

Conductors contain a large number of free electrons and 
therefore permit electrons to flow easily through them. Though 
silver is the best conductor, it is too expensive to be used 
commonly, so copper wire, which is considerably less expensive, 
is preferred for most electrical work. 

When electrons move in a conductor, an electric current is 
produced. Such a current consists essentially of certain 
electrons pushing on other electrons that are free to move in the 
material in which the current flows. Those electrons in turn 
push others, and so forth down the line. Each electron actually 
moves only a short distance before it collides with another one; 
the one that has been hit then moves a short distance, collides 
with another, and so forth. 

Nonconductors, on the other than, have few free electrons 
and therefore allow practically no current to flow through them. 
In electrical work they are used as wrappings over current- 
carrying wires or as support for such wires. When nonconductors 
are used to keep conductors separated from each other, they are 
called insulators. 



*A new group of materials falling between conductors and 
insulators, called samiconductors , has been found to be of 
great importance in the last two decades. These materials 
made the development of the transistor possible. 
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Let us construct a conductivity tester which can be used to 
test materials. Connect one of the terminals of the battery to 
the bulb assembly. One wire from the other battery terminal and 
the other wire from the lair^p assembly are to be connected to our 
two test probes. 

The test probes are constructed as follows: Clean off all 
the paint from the heads of two thumbtacks. Also scrape off the 
insulation for a distance of about 3 inches on the free ends of 
the wires connected to tae battery and the lamp assembly. Wrap 
the wires (which now have their insulation removed) at least six 
times around each of the tasks. Then push the tacks firmly into 
the erasers of the two pencils as illustrated. Your tester is 
complete. To see if it functions properly, touch the two 
thumbtack surfaces together. You are completing the circuit/ and 
if all connections are correct, the bulJ will light up. Now 
separate the probes, and let us see how we can use our 
instrument. 

Collect a number of objects which you want to test to see 
whether they are conductors of electricity or not. Here are some 
suggestions: A coin, a fork, a piece of cardboard, some nails, 
paper, cloth, rubber, a key, a piece of wood, a piece of tin 
foil, chalk, something made of plastic, a metal pot, plus 
anything else you can think of. 



Apply your test probes to the objects under test, one at a 
time, somewhere along their surface. Be sure that you don't 
touch the probes' thumbtacks together while you touch the object 
under test, but keep them far enough apart so that any current 
which flows would have to flow through the object under test. 

Here is what is going to happen. You will find that with 
all the metal objects the bulb will light, showing us that they 
are all conductors. With those objects that are not made of 
metal, or don't have any exposed metal surfaces, the bulb Mill 
not light up, and we see that they are not conductors of 
electricity. They are insulators. 



Bulb hgMi if o»i«ct un4^ .c^l 





Thumdiock wtth tti «indt of 
«irt orourMt itt pin.intarttd 
in era Mr 
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ATTACHMENT B 



THINGS YOU NEE'^. Wire, bulb, socket, and flashlight battery 

(you may need 2 batteries). A strip of 
Christmas tree tinsel (silver icicle) or 
can substitute aluminum foil. 

Undoubtedly the smallest, though not the least important, 
device in Edison's home lighting system was the fuse. Something 
like an automatic safety switch, the fuse cuts off the current 
when it becomes high enough to cause a fire. Dangerously high 
currents in the main lines are the result of too many branch 
circuits being used at the same tine (overloading the lines). Or 
they are the result of the "live" wire accidentally touching the 
"ground" wire or anything else that is grounded, such as a water 
pipe. This accidental touching is known as a "short circuit."' 

Edison's first fuse was patented on March 10, 1880, under 
the name "Safety Conductor for Electric-Lights." He intended 
that such a fuse be placed in the circuit of each lamp or other 
electrical device. 

It consisted of a piece of thin, special wire enclosed in a 
tube made of a non-conducting material. The wire had a low 
melting point. Whenever a short circuit (high surge of current) 
developed, the heat of the high current would melt the wire 
immediately -- opening the circuit before any great damage 
occurred. The tube served to keep the droplets of molten metal 
safely contained and to prevent the two ends of the conductor 
from separating. 




You can easily demonstrate how the fuse works. Lay two 
small lengths of wire on a flat surface so that the wires are in 
a straight line and 2.5cm or less apart. We're going to connect 
a piece of tinsel across the 2.5cm gap. Use tape to make your 
connections, and be sure there is good contact at both ends ot 
the tinsel. This will be our fuse. . . i 

NOW comes the test. Connect the fuse wires with the lamp 
and flashlight battery, as shown. Use tape to hold the wires to 
the battery ends. If everything is in order, the lamp will 
light. 
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To see the fuse in action, we'll have to produce a short 
circuit. Do this by touching the two terminals of the lamp 
socket at the same time with a pair of tweezers or another piece 
of wire. That will allow the current to bypass the lamp, taking 
a short cut, you might say. 




Without the lamp to act as a resistance, the current becomes 
much higher than it was. The load v;ill probably be more than the 
tinsel can carry. If so. the tinsel will overheat, melt, and 
open the circuit. However, you may have to use two batteries in 
series, depending on the thickness of the tinsel. If it weren't 
for our homemade fuse, the power source would spend itself in 
seconds . 

We get this same kind of protection from our home fuses 
(and circuit breakers). Edison foresaw the possible dangers of 
electrical overloads and short circuits. That's why he felt the 
fuse was a necessary part of his system. 



ATTACHMENT C 
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Experiment 7 — 



Edison's Electric Light 



Materials 

Wide-mouth jar with cover, 1.5m of hookup wire, copper-strand 
lamp wire 1.5m long, switch, birthday caKe candle on a small 
base, 6-volt battery. 

BULB. In the cover, punch two small holes just big enough 
to receive the wire. Space the holes 4cm apart. Insert two 45cm 
lengths of wire through the holes so that they will extend 
halfway into the jar. Now bend the v/ires down the sides of the 
cover, and tape them in place. Put a strip of tape over the 
holes too. 

FILAMENT. Remove one copper strand from the lamp wire. 
Wind it several times around a nail. Slip the coiled filament 
off the nail, and connect it to the two wires coming from the 
cover. 

LIGHTING UP THE DARK (WELL, NOT QUITE). Screw the cover on • 
the jar. This is our "lamp." Next, connect the lamp in series 
with the switch and the battery. Turn the lamp on and start 
counting. The filament will begin to glow. If it continues 
glowing for more than 15 seconds, open the switch. Otherwise 
you'll drain the battery. Try a shorter filament. Keep doing 
this until you find a length that burns for just a few seconds. 
When you do, put on a new filament of this length. 

Now we're going to remove some of the air from the lamp. 
Put the candle inside the jar and ignite it. Then turn out the 
room lights. While the candle is burning, close the jar tightly. 
When the candle goes out, which means it has used up a lot of the 
air, turn the lamp on once again. Hopefully, the filament will 
glow a little longer this time. Letting it glow in the dark will 
produce a rather dramatic effect. 
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ATTACHMENT D 



Experiment 8 — A Light^Bulb Indicator 

Materials 

2 long thin nails, 2" of hookup wire, bulb socket, screw-type 
flashlight bulb, flashlight battery, some tape* 

We mentioned that the electric light bulb is a simple 
device. Well in addition, it operates in the simplest of 
circuits. An example is the light-buib indicator you are about 
to put together. 

ASSEMBLING THE INDICATOR. Actually there's not much to 
assemble, as you can see. All you do is hooh the light bulb and 
battery In series and attach the circuit ends to the nails. Make 
all connections by soldering. But if you have no soldering 
equipment, use tape. Also cover the nails and nail connections 
with tape, leaving only the tips exposed. 




WHAT DO WE DO WITH IT? Lots of things. For example you can 
use it in science experiments to learn whether or not different 
materials and liquids are good conductors of electricity. 

You can also use it to check items like flashlight bulbs or 
glass-tube fuses, as shown. Some of these fuses have wires so 
thin you can hardly see them. If you touched the indicator nails 
to the ends of such a fuse and the bulb lit up, you'd know the 
fuse is OK. 

But whatever you do, never use it on anything that is 
connected to a voltage source (but then you don't need to be told 
not to stick your finger in a beehive, do you?). 



PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 

Optional Handout for Lab 5 
BRINGING TWO BALLOONS BACK TOGETHER 



Materials you will need: 

1. Two rubber balloons 

2. Some wool or fur 

3 . Saran wrap 

4. Four feet of silk or nylon thread 

Blow up two balloons, tie their necks securely, and attach each 
to a 2-foot piece of silk or nylon thread. Then rub one balloon 
against the wool, and rub the other balloon with a piece of £>aran 
wrap. Now hold the balloons by their strings, one string in each 
hand, so that they hang straight down. First hold them quite far 
apart, then bring them closer together, and note what happens. 
The balloons will be strongly attracted to each other, and if you 
let them come close enough, they will eventually touch. As soon 
as they do touch, they will be neutral again and hang down 
straight. 

Here s why ; That balloon which 
has an excess of electrons (the 
one rubbed with the fur or wool) 
gave up its electrons to the balloon 
with a shortage of olectrons (the 
one charged with the Saran wrap) . 
As a result of the transfer of 
electrons when the ballons touched, 
there was no longer an excess of 
electrons on the one balloon and 
no deficiency of electrons on 
the other. There being no 
further attraction or repulsion 
between them, they hang down 
straight. 



LIKE CHARGES REPEL 



Materials you will need: 

1. Two strips of newspaper, each about 1 inch wide and 
20 inches long 

2. Polyethylene bag, nylon stocking, or piece of wool 

You can make strips of newspaper fly apart simply by rubbing 
them. Hold the strips at one end, and let them hang down as 
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shown. You will see that they hang down straight, one next to 
the other. Now stroke them lengthwise, from top to bottom, with 
the thumb and forefinger of the free hand. After several strokes 
they will have acquired a charge. Since both of the strips have 
the same charge, e,nd we know that like charges repel, they will 
fly apart. 

An even greater charge can be put on these strips, and thus much 
wider separation obtained, by rubbing them with a piece of 
polyethylene, such as that used in a cleaner or vegetable bag, or 
with some wool. Make sure that 
the outside surfaces of the strips 
both get rubbed at the same time. 
Either of these materials will 
produce a greater charge much 
faster, so that now the strips 
will really fly apart, oftentimes 
after just one stroke. 

The charges which were placed 
on the paper strips as well as 
on the material we used for charging 
them will be very readily indicated 
on the electroscope or charge 
indicator that we will build in 
the next experiment. 
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For further experimentation, try 
rubbing the strips with other 

materials, and see which produces the greatest charge. You can 
also try the same experiment with three or more strips, and you 
will really see some interesting effects. 



To show that charges distribute all over the strips, reverse 
them. That is, bring the bottoms of the two strips which are now 
apart together, hold them together, and bring them to the top. 
Conversely, drop the two ends which were previously held up, and 
release them. Now you will see that the free ends will again fly 
apart. 



BUILDING AND USING A LEAF ELECTROSCOPE 



Materials you will need: 

1. Small bottle (milk bottle will also do) 

2. Large paper clip or stiff piece of wire (approximately 
6 inches long) 

3. About 1/2 square foot or aluminum or tin foil 

4. Ciiewing gum wrapper or other source of thin metal foil 

5. Rubber or cork stopper to fit the opening of the bottle 
used 
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To do this, fold the strip in half (lengthwise) and cut off a 
little triangle from either side of the fold so as to leave only 
a very narrow bridge. Then lay the leaves onto the L-shaped 
section of the wire. The leaves should be straightened out so 
that they will hang loosely and parallel to each other. Now 
insert the cork with all its attachments into the bottle, and the 
electroscope is finished. For best results be sure that 
everything is dry — absolutely dry. Otherwise charges will 
leak off very rapidly, and you may not be able to charge your 
electroscope at all. 

Here is how the electroscope works. If it is touched with a 
charged object, the charges will run down the wire into the 
leaves, both of which will get identical charges. Since we know 
that like charges repel, the leaves will fly apart at the bottom 
because they are hinged together at the top. Now to use our 
electroscope. 

Rub a comb briskly for abou., 30 seconds with a piece of nylon (an 
old nylon sticking will be fine) to give the comb a negative 
charge. If you bring it close to the ^ nob of the electroscope, 
the leaves will separate.' When the comb is taken away, they will 
return to their normal position. If you touch the knob with the 
comb, the electroscope by contact (Figure B). Touching the knob 
with the finger offers an easy escape path for the negative 
charge which has been put on the electroscope, and thus the 
electroscope is discharged. 
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To give our electroscope a positive charge, bring the same 
charged comb near the knob, and with a finger of the other hand 
touch the knob f or about a second* In dcng so, we allow a few 
additional positive charges to travel from our finger to the knob 
of the electroscope. Take the hand away from the knob, and then 
remove the comb. You'll note that as the comb is removed, the 
two leaves will separate (Figure C). We have now charged the 
electroscope by induction with a positive charge. Bringing the 
charged comb near the knob of the electroscope once more will 
cause the leaves to return to their normal position, and they 
will separate again as soon as the comb is removed, providing you 
have not touched the knob of the electroscope. 

To give the electroscope a positive charge by contact , touch the 
knob with a positively charged glass rod as shown in Figure D. 
To give it a negative charge by induction , proceed as in Figure 
E. 

The electroscope can also be used to determine unknown charges. 
Here is how: First charge the electroscope with a known charge. 
Let us assume that we have charged it by contact with a comb 
rubbed with nylon so that it will now have a negative charge. If 
we bring the object whose charge is not known near the ball of 
the charged electroscope, one of two things will happen. The 
leaves will either separate more or come closer together. If the 
object is negatively charged, it will repel the electrons on the 
ball of the electroscope and send them down towards the leaves, 
thereby causing them to separate even more. On the other hand, 
if the object is positively charged, it will attract some of the 
electrons away from the the leaves towards the ball. This will 
cause the leaves to come closer together, since they are not 
charged so strongly any more. 

The same action will occur, but with opposite charges, if we give 
the electroscope a positive charge, as we did above. In this 
case the leaves will separate more if a positively charged object 
is brought near the electroscope and will come closer together if 
we approach the ball with a negatively charged object. 

How far the leaves separate gives us a direct indication of the 
relative amount of charge which is placed on the electroscope. 
Thus the farther they spread apart, the greater the charge. The 
charge on the electroscope can be accumulated by charging it 
several times from the same charged object or from another having 
a charge of the same polarity (positive or negative). The leaves 
will thus speed farther apart each time an additional charge is 
put on the electroscope. Before starting any new experiments, 
always discharge the electroscope first by touching its metal 
ball with your finger. 

Charge the electroscope by contact and by induction from various 
other objects to become familiar with this simple but important 
instrument. Make a note of the different amount of charge that 
various objects produce. 
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DISCHARGING YOUR ELECTROSCOPE 
BY RADIATION OR IONIZATION 



Materials you will need: 

1. Leaf electroscope 

2. Watch or clock with radiant dial 

3. Matches (and candle) 

A charged electroscope will become discharged if the air around 
it can be made conductive. This can be done by placing the 
electroscope in the vicinity of X-rays or some radioactive 
material. Hold the radium dial of a clock or a watch several 
inrhes from the knob of the charged electroscope and see how 
quickly it discharges. For best results, the crystal of the 
timepiece should be removed to permit easier passage of the alpha 
rays which i+" otherwise obstructs. 

Objects can thus be easily tested for radioactivity by bringing 
them close to the knob of an electroscope or by actually putting 
them into the bottle. If the electroscope rema\ns charged for a 
relatively long time but discharges more rapidly when the object 
under test is near it, then the object is radioactive. If no 
effects are noted, then the object is not radioactive. 

We can also discharge the electroscope with a lighted candle or 
match. When a gas (such as air) is heated, the speed of its 
molecules increases and ionization is more likely to occur, that 
is, the molecules are more likely to become positively or 
negatively charged. Bring a lighted candle or p match near the 
ball of the charged electroscope and you will see that again the 
leaves will close. The charges have indeed leaked off into the 
ionized, or charged, air. Now try an interesting experiment. 
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Hold a piece of crrdboard between the candle and the knob of the 
electroscope, au<l you will see that the flame will now have no 
more effect on the charged electroscope. The cardboard acts as a 
screen. Try to do the same shielding with the radioactive 
material. Does it also work? It does not! The cardboard does 
not act as a shield because those rays or particles emitted by 
the radioactive material are harder to stop and pass very easily 
through the cardboard. 



HOW rO CHARGE YOUR FRIENDS 
TO 10,000 VOLTS 



Materials you will need: 

1. Four strong glasses or jars 

2. Piece of fur (a fur collar or muff will do) 

3. Board or large book 

4. A friend 

Without the slightest danger, you can charge someone to a 
potential of thousands of volts and then discharge him by drawing 
large sparks from his fingr^is. Let us try it. Before we build 
our charges, we must be su.re we won't lose them right away, so we 
have to insulate the person being charged, we accomplish this by 
means of an insulation platform, for which we need four glasses 
and a board. 

Place the glasses, which must be absolutely dry, on the floor 
near a radiator or a water tap, and separate them sufficiently so 
that you can place the board on top and thus construct a stable 
and safe platform. 

Have the person to be charged stand on that platform. Be sure 
that no part of his body touches anything. Now stroke his back 
vigorously with a piece of fur for about a minute, and then let 
him bring his finger near the radiator or the tap. You will see 
that quite a spark jumps across. The charged person can also 
touch someone else who is not insulated from the floor and create 
a nice spark in this way as well. 
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An electroscope is an easily constructed and very useful 
instrument for determining the presence of electrostatic charges • 
It indicates the existence of charges on anything we bring near 
it, and it will also tell us the polarity of the charges — that 
is, whether they are positive or negative. From our previous 
experiment with the newspaper strips, we know that if we hold two 
light narrow strips together at one end and give them the same 
charge, the free ends will fly apart. The electroscope basically 
consists of the lightest metal foils (or leaves as they are also 
called) we can find, placed inside some sort of container such as 
a bottle. The bottle is needed to assure that the sensitive 
foils are not disturbed by air currents. Construction of the 
electroscope is very simple and can be accomplished in just a few 
minutes . 

First of all, shape a paper clip or a piece of wire with an 
L-shaped appendage as shown in Figure A and push it through the 
stopper that fits the bottle you are using. It is most important 
that both the stopper and the bottle be completely dry. To be 
sure that they are, dry them in a warm oven for a little while 
just before you are ready to assemble the electroscope. 

About a half inch of the paper 
clip or wire should be left 
protruding from the stopper to 
hold a ball of aluminum foil. 
This ball should be as round as 
possible for best results. It 
is made by packing and squeezing 
aluminum foil into a little 
sphere, which is then simply 
pushed onto the wire. 

The leaves are made from the 
lightest available material. A 
strip of tissue paper will serve 
in a pinch, but the foil from a 
stick of chewing gum is best for 
our purpose. The paper can be 
separated from the foil by soaking 
the wrapper in warm water for a few 
minutes. The foil and paper will 
then come apart easily. Straighter. 
the foil, dry it, and cut a strip 
about 1/2 inch wide and 3 1/2 
inches long. In order to make 
the instrument as sensitive as 
possible, the leaves should be 
able to separate with the least 
resistance, so make them extremely 
narrow at the point at which they 
rest on the support. 
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What you have done is to build up a strong electrostatic charge 
by rubbing with the fur. This charge ma/ be as high as 10,000 
volts or even more. As a further experiment/ try rubbing with 
wool, nylon, rubber, ployethy lene , or any other material, and see 
which gives you the greater charge as indicated by the length of 
the spark you can draw. 

You might also try several layers of ployethylene to stand on for 
insulation, instead of the glasses and the board. 



THE TRIBOELECTRIC OR ELECTROSTATIC SERIES 



Now you are on your own. You can 
experiment to your heart's content 
in static electricity, and as a guide 
you can refer to the triboelectric 
series (also known as the electrostatic 
series) which is presented here in 
tabular form. 

As far back as 1757, J.C. Wilcke noted 
that various substances, such as glass, 
silk, wool, and amber, could be arranged 
in a triboelectric series. He showed 
that as you rub any two different 
materials together, they will become 
electrified and develop opposite charges. 
The one higher up on the list will give 
up electrons and thus become positively 
charged. The one below v/ill have gained 
those electrons and thus acquire a 
negative charge. 

The farther apart the materials are on the list, the easier it is 
to work with them and the higher the charge will be. You can 
determine the presence and nature of the chage by means of the 
charge detector or electroscope. The exact charge on each body 
depends on its molecular structure as well as the condition of 
its surface. 



From Safe & Simple Electrical Experiments by Rudolf F. Graf 
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fouuve Fotaniy ( + ) 
Asbeslot 
Rabbit's fur 
Giau 
Mki 
Nylon 
Wool 
Cil's fur 
Silk 
Piper 
Co<(on 
d 

Lucile 
Sealing wax 
Amber 
Polysiyreric 
Polyeihylene 
Rubber balloon 
Sulphur 
Celluloid 
Hard rubber 
Vmyliie 
Saran wrap 
Netmtvt PotofUy (-) 



Apparatus List 



Lab 5 Electrical Circuits 



Per Lab Station 



1 ea Ilattery Eliminator 

2 ea 1.5v Battery with holder 

3 ea SPST Momentary switches (on base) 

2 ea 1.5v-3v Buzzer on base 

3 ea 3v Lamps in socket 



Per Lab (center display table) 

House Switch Circuit 
1 Battery Eliminator 
1 Board with 2 SPOT switches mounted 
1 6v Lamp & socket 



Set-up 



Fuse Circuit 

1 6v Battery 

1 6v Lamp and socket 

Foil from gum wrappers 




Set-up 




Conductivity Tester 

1 Box of conductivity material 



rubber ball part 

wooden ruler 

split pencil 

plexiglass 

foil 

popcorn 

paper clip 

enameled copper wire 
scrapped coper wire 
piece of metal 
chalk 
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2 leads (thumbtacks & wire pushed into the eraser of a 
pencil 

Set--up 



1 6v Battery 

1 6v Lamp and socket 

Quiz Board 
1 Quiz board 





paper 
clips 



wire connecting 
responses 

ir 



Front 



Set-up 



2 1.5v Battery in holder 

(hooked together to give 3v) 
1 3v Lamp and socket j^^^^^ ^ 

Light Bulb (or just use set-up) ^ 
1 Jar 

1 Jar lid, small holes indented 
1 Copper strand lamp wire 
1 Birthday candle 
Matches 
1 6v Battery 
1.5m of hook-up wire 




Back 





90^ 



Worksheets for 
Laboratory 5 Electrical Circuits 

Part I Series & Parallel Circuits 
Section A> Series Circuits 

Record your observations below. Be sure to include sketches 
of the circuit hookups. 
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Questions (Reference back to your observations as 
necessary. ) 

1. How does the brightness of two bulbs in series corapare 
to that of a single bulb? Three bulbs to two bulbs and 
a single bulb? What do you think causes this? Explain 
using the concepts of resistance, current, energy, and 
voltage . 



2. What happened when you unscrewed a bulb? Why? Explain 
your observations using the concept of current. 
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Wliat would be the difficulty in using this type of 
:ircuit in wiring your house? 



Were there any changes in your observations when yo 
substituted batteries for the battery eliminator? 
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S ection B. Parallel Ci rcuit 

Record your observations below. Be sure to include sketches 
of the circuit hookups. 



How does the brightness of two bulbs in parallel compare 
to that of a single bulb? Three bulbs to two bulbs and 
a single bulb? What do you think causes this? Explain 
using the concepts of resistance, current, energy and 
voltage. 



What happened when you unscrewed a bulb? Why? Explain 
your observations using the concept of current. 



What is the advantage of using this type of circuit in 
wiring your house? 
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Section C. Combinations 

Record your observation. Sketch the circuit. 



Explain the relative brightness of the bulbs to each other, 
using the results of A and C. Be sure to indicate 
resistance, energy, voltage, and current as they apply 
in this problem. 
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Part II Wiring Up 

Circuit Title 

Sketch of Circuit 



Explanation of current flow, indicating the action of each 
button. 



De 



scribe how this circuit could be used in a household. 



erJc 242 



circuit Title 

Sketch of Circuit 



Explanation of current flow, indicating the action of 
each button. 



Describe how t.his circuit could be used in a household. 
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circuit Title 

Sketch of Circuit 



Explanation of current flow, indicating the action of e 
button. 



Describe how this circuit could be used in a households 
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Part III The Special Circuits 
1. House Lighting Circuit 
a. Sketch the circuit. 



b. Explain how the current flows in relation to switch 
positions and lighting of the bulb. 



2. Conductivity tester (Read Attachment A) 

a. Complete the table. Did the bulb light? 
(Yes or No) 



Material 

Enameled copper wire 

Scrapped copper wire 

Rubber ball 

Wooden ruler 

Plexiglass 

Paper clip 

Chalk 

Piece of metal 

Wooden pencils graphite 

Composite pencils graphite 

Foil 

Pop can (sides) 
Your choice 

b. What type of material can be a conductor? 
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c. Does the material on the surface of a metal affect 
its ability to conduct? 



d. What type of material acts as an i.isul ^.or 
(i.e. non-conductor ) . 



e. What might cause the differences between 
insulators and conductors? 



3. The Fuse — (Read Attachment B) 
What purpose does a fuse serve? 



4. The Quiz Board 

a. Sketch the circuit for the quiz board (without 
looking at the back of the board). 
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b. Suggest one use of this apparatus in your classroom. 



5. (Optional) The Light Bulb 

a. what difference did you see between the case of a 
large amount of oxygen to a small amount? 



b. What is the purpose to reduce the aJiount of 
oxygen in a light bulb? 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 



Laboratory 6 



Magnets and Motors 



Purpose 

The goal of this lab is for you co develop an 
understanding of how an electrical motor works. 



Laboratory Objectives 

As a result of this lab, you should be able to: 

1* Qualitatively describe through sketches the magnetic 
field for various configurations of magnets. 

2. Describe the effect a magnetic field has on a current 
carrying wire. 

3. Describe the effect of moving a wire through a magnetic 
field. 

4. Describe magnetic shielding. 

5. Explain qualitatively how an electric motor works. 

6. Build an electric motor. 



Introduction 

A magnetic field is very different from an electric field. 
A magnetic field exerts a force on a magnetic "pole" or any 
magnetized body. Magnetic "poles" come only in pairs, as, 
for instance, the north and south poies of a compass needle. 
A compass needle will align itself parallel to the magnetic 
field at the site of the compass. This is because the north 
pole of the needle feels a force in the direction parallel 
to the field and the south pole feels a force in the 
opposite direction. Iron filings act in a very similar 
fashion. A long thin sliver of iron becomes magnetized in a 
magnetic field (magnetic "induction") so that one end of the 
sliver becomes a north pole and the other becomes a south 
pole like the compass needle. 



Part I 



Magnetic Fields 
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Appa rat us 



1 board with slots for 2 bar magnets, 2 bar magnets, 

3 small compasses, paper, iron filings, large iron washer, 
baby food jar with corn oil and iron filing mix, 

2 disc magnets, bright light, iron filings between two 
transparencies . 

1. Mapping the magnetic field with iron filings : Place a 
piece of paper over the bar magnet and sprinkle iron 
filings carefully on the paper. Tap the paper gently 
until the filings line up in a discernable pattern. On 
another sheet of paper sketch the pattern. When you are 
done, pour the filings back into the container. Place a 
couple of the small compasses around the magnet. 

a. Do they line up along the magnetic field lines? 



b. Is there a direction to the magnetic field around 
a magnet? 



NOTE : Do not pick up the iron filings with bare magnet. 

The magnet cannot be "turned off" in order to release 
the f il ings . 

2. The field of two magnets ; Using two bar magnets under 
the paper sketch the field lines indicated by iron 
filings for the followi: 



(1) between two like poles 3/4 **• apart. 

(2) between two unlike poles 3/4" apart. 



a. Briefly account for the difference between the two 
patterns . 



3. Modification of a magnetic field by the presence of soft 
iron : Place a piece of soft iron (for example a large 
washer) between, but not touching, two unlike poles. 
Again draw the pattern of mac^netic field lines. Explain 
what the washer has done to the field. 

a. Place your explanation here. Be sure to note how 
the magnetic field has 'closed' down. 
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b. Move the washer a little hit. What has happened to 
the field? 



c. What is the strength of the magnetic field within 
the washer hole? Why might this be called magnetic 
shielding? In particular, what might cause this? 



4. 3-D magnetic field ; Shake up the jar with oil and iron 
filings. Place your ^ar magnets at the sides of the 
jar. Backlighting the jar will help you see the 
movement in the iron filings. 

a. Briefly describe the field for a N-S pole, and N-N 
pole configuration. 



b. Try this with the disc magnets. Note any 
differences between the fields. 



Part II Currents and Magnetic Fields 
Hands-on Demonstrations 



Introduction 

In this part of the lab you will observe the following: the 
creation of a magnetic field by a current carrying wire; the 
creation of a current by moving a wire through a magnetic 
field; the repulsion of a current carrying wire from a 
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magnetic field. The purpose of this part of the lab is to 
provide you with a logical reason to explain how an 
electrical motor works. 



Apparatus 

Compass , gal vonometer , close-f 
wire, 6V lantern battery, meta 
magnets serving as the faces o 
current carrying wire demo 



ace horseshoe magnet, 

1 U {of soft iron} with 2 disc 

f a small horseshoe magnet, 



INSTRUCTIONS 

Your lab teaching assistam ill demonstrate the 
materials. You will have time 1^ ^.r to try the 
demonstrations yourself. 

Section A. Magnetic field created by a current 
carrying wire 

1. Did the wire have any effect before it carried 
any current? 



2. What was the effect on a compass when the current 
was flowing through the wire? How does this verify 
that a magnetic field is created? What is the 
source of net force required to turn the compass 
needle? 



3. Suggest a way to detect electrical wires running 
through your house. 



4. Since a current is defined as what might be 

sec 

the source of the magn. .-lC field? 
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5. 



(Optional) Move a compass around on your lab table. 
See if you can find a current source there. Explain 
where it comes from. 



6. (Optional) Sketch the magnetic field around a wire and 
a solenoid. Are these fields what you expected? 



Section B. Current created by moving a wire through a 
magnetic field 

1. Briefly describe how you determined that a current was 
created. 



2. Was the wire attracted to or repulsed from the magnet 
before any movement. 



3. What might be the cause of the current? HINTS; (a) a 
magnetic field exerts a force on magnetic poles, (b) a 
net force results in a movement and (c) a current is 
moving electric charges which results in the magnetic 
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A. Would you see a difference if the magnet were to move 
instead of a wire? Why or why not? 



5. How are the concepts of this demonstration use*^ in 

everyday life? (HINT: This is called the "generator 
effect.") 



Section C. Repu l sion of a wire by a magnetic field 

1. Explain what caused the wire to "jump". HINT: Consider 
the fact that there must be a net force to cause the 
wire to overcome its weight. Account for the source of 
this net force. 



2* What do you think determines the magnitude of the jump? 
List three possibilities. Try an experiment to verify 
one f your predictions. 
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3, How do your observations help explain the operation of 
an electric motor? HINT: Consider the fact that there 
must be a net force causing the torque which causes the 
rotor to rotate • 



Introduction 

An electrical motor is a device that changes electrical 
energy to mechanical energy by means of magnetism. In this 
part of the lab you will apply the concepts you have 
developed to the construction of a simple electrical motor. 

Apparatus 

Per person: approximately .6m of winding wire 



2 paper clips 
1 magnet 

1 wooden block (3" x 2" x 3/4") 
4 thumb tacks 

1 - 1.5V battery ( "D" ceil) 

2 - 15cm of hookup wire 



Per group: 1 ruler 

small piece of sandpaper, 
1 dowel rod form (1/2" dia. ) 



extra winding wire 
extra batteries 
roll of masking tape 
extra magnets 
scissors 
rubberbands 
2 pair wire cutters 
1 wire stripper 



INSTRUCTION > 
Making the Coil 

1. Cut off .6m of the winding wire. 



Part III 



Building a Motor 



2,3 



Per lab: 



12 pair of pliers 



ERIC 




2. Wind the wire around the dowel to form a coil Leave 
about 7cm (3") of wire at each free end. 

3. Loop each free end of the wire twice around and through 
the coil. (See Fig. #1). This is to prevert the coil 
from unwinding. 



4, Remove the insulation from the free ends of the wire. 
To do this, lay the wire flat on the table. Rub the 
free ends with sandpaper. Rotate the wire so that you 
remove the insulation from all sides of the free end. 



Making the Coil suppor ts 

1. Unbend two paper clips. 

2. Grip one of the paper clips at its center with a pair 
of needle nose pliers. (See Figure #2). 



3. Grasp one end of the paper clip. Bend it 270 over the 
nose of the pliers. (See Figure 3). Repeat for the 
other end. (See Figure 4). The purpose is to make a 




Figure 1 Looping the free ends 
of the wire coil 




Figure 2 Gripping the paper clips 




Side View 



Front View (enlarged) 



Figure 3 



Benii 



ing the end of the paper clip 
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4. 



5. 



Fi jxxt View (enlarged) 

Figure 4 Completed Paper Clip Loop 

Bend the ends of the paper clip as shown in Figure 5. 
NOTE: The distance from the end to the start of the 
bend is 1 .5cm. 



?^^er Clt-^ Lao^ 




Figure 5 Bending the ends of the paper clip 

Bend the ends of the straight [/art of the paper clip as 
shown in Figure 6. NOTE: This can be accomplished by 
gripping the end^of the paper clip with the pliers and 
turning them 180 . 




Figure 6 



Bending the 'U' into the end 
of the paper clip to complete 
the coil support 



6. Repeat steps 2-5 for the second paper clip. 
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Putting the Motor tog ether 

1. Cut off 2 15cm lengths of hook-up wire. Strip off 1.5cm 
of insulation from the wire. These will be the battery 
hook ups . 

2. Wrap one end of each of the oattery hook ups around the 
pin of the thumbtack. (See Figure 7). These will be 
used in the next step. 




Figure 7 Wrapping the hook-up wire 

around the pin of a thumbtack 




NOTE: The thumbtacks are placed in the U-bend. 

Double fold the tape to hold the magnet in 
place . 



Figure 8 Motor Assembly 

4. Place the free ends of the coil in the paper clip loops. 
You may need to clip a bit off the ends of the coil to 
fit it easily between the loops. 

5. Balance the coil. A balanced coil will spin "evenly" 
after you twist it. Take your time at this stage. 
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Powering Up 



1. Tape the ends of the battery hook--ups to the terminals 
of a 1.5V battery. A rubber band wrapped around the 
battery ends will help insure a good contact • (See 
Figure 9 ) . 




Figure 9 The Completed Motor 

2. Spin the coil and it should continue to spin by itself. 
If it doesn't spin it again. If the motor won't work, 
check the following: 

a. If nothing happens - you may not be getting 
any electricity. 

(1) Try spinning the coil while the battery 
hookups are squeezed against the battery. 

(2) Check that the insulation is completely 
removed from the free ends of the coil. 

(3) Try your coil on someone elses motor setup 
and battery. If it spins, check your 
battery and motor setup, then repeat 1 and 2. 

b. If the coil rocks back and forth, but won't spin; 

(1) check the balance of the coil. 

(2) adjust the free ends so they are wrapped 
around the center of the coil. 
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Questions and Discussion 



1. In which direction does your coil spin? In particular, 
what causes the coil to spin? Explain as thoro ughly as 
possible , using the information from the other parts of 
the lab. 



2* investigate ways to change the direction of the spin. 
List them here. Give a brief hypothesis of why your 
method changed the direction of the spin. 
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3. Touc> the metal parts after the motor has been running 
a while. Do the parts feel warm? Explain in terp^ of 
work and energy. 



4. In what ways could you increase the speed of the coil. 
Suggest at least four methods. Try at least one of 
them (two if time permits). Describe the results. 
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What happens when one magnet is placed on p ch side 
of the coil? Does it matter which face you use? 
(Remember each magnet has a north and south face). 
Explain. 



Optional 



Use the motor to turn a wind dial or wheel. Describe 
your success or failure. 



Find a way to change the motor and make it work better. 
Describe your result. 



What might be the cause of the static heard on a radio 
when it is near a running motor? 
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Part IV 



Optional Lab Demonstrations 



Introduction 

The following demons'-rations are an optional part of the 
lab. They are presented to give you ideas and extend the 
principles in today's lab. 

Appa ratus 

EdJy Current Demonstration, Magnetic Attraction Hall 
Demonstration, magnetic shielding (induction) material 
(brass, glass, wood, lead, iron, zinc, copper) 

WARNING: When working near strong magnetic fields you 
should remove any magnetic sensitive device from your 
person, i.e. watches, meal cards, etc. 



Secrion A. Magnetic Attraction Hall Demonstration 

1. Move each of the different metal rods through the 
field of the magnet. What difforence was there 
between each material? 



2. Try holding the rods that are most attracted to the 

magnet in the center between the faces. What difficulty 
do you have? In particular how does the force of 
attraction vary with the distance between the rod and 
a face on the magnet? 



ERLC 



262 



3. Determine which is the north and south face of the 
magnet ♦ 



Section B. Eddy Current Demonstration 

1. Are the test metals attracted to the magnets? 



2. Compare the rate of fall, for the different metals, 
when dropping normally and then when dropping through 
the magnet. Record your observations below. 



3. Where is the force coming from that cause the net 

force falling through the nagnet to be less than the 
net force of straight falling? 
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Section C. Magnetic Materials 



1. Test the various materials for magnetism. In general 
what material is magnetic? 



2. What does the magnetic metal do to the magnetic field? 
That is does it increase it. iecrease it, or redirect 
it? 



References 



1. A Survey of Laboratory Physics, Part 11 , by Paul A. 
Bender, Star Publishing Company, (Palo Alto, CA: 1980). 

2. Shoestring Science Experiments. 

3. "Activities for Groups," The Physics Teache r, March 
1985. This magazine is a good source for activities 
and explanations. The magazine is designed for high 
school physics teachers. 
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Lab 6 Magnets and Motors 



Apparatus List 



Per Person (Consumable Items) (put in lab box) 

1 ea. wooden block (3" x 2" x 3/4") 

1 ea. 1.5V (D-cell) battery 

2 ea. paper clips (standard size) 
4 ea. thumb tacks 

1 ea. magnet (ceramic disc) 

1 ea. rubber band 

1 ea. small piece of sandpaper 

2 ea. overhead transparencies frame 

2 ea. thick overhead plastic to fit frames 



Per Lab 

Motor Station (Center table) 

Consumable items; 

Roll of #22 winding wire (enameled) 

(at least .6 meters per person) 
#18 hook-up wire (at least 30 cm per person) 
1 ea. roll of Scotch mending tape 
1/2 lb. iron filx^gs 



4 


ea. 


wire strippers 


4 


ea. 


wire cutters 


6 


ea. 


magnets (ceramic disc) 


1 


ea. 


AM radio 


6 


ea. 


1.5V D-Cell 


1 


ea. 


scissors 


1 


ea. 


box of tacks 


1 


ea. 


box of paper clips 


2 


ea . 


sheet of sandpaper 



Magnetic Field due to current carryincf wire demo (center 
table) 

1 ea. 6V battery 

1 ea. banana plug wire (long) 

1 ea. alligator clip 

1 ea. compass 

1 ea. 6V 15 amp source (or substitute car battery) 

1 ea. momentary contact switch 

1 ea. single wire demo 

1 ea. solenoid demo 

banana plug wire for hook-up 
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Generator Effect (back of room) 



1 ea. homemade horseshoe magnet 

1 ea, large horseshoe magnet (close face) 

1 ea, galvonometer (100 y A scale) 

1 ea, long banana plug wire 

Jumping Wire Demo (back of room) 

1 ea. homemade horseshoe magnet 

1 ea. large horseshoe magnet (close face) 

2 ea. long banana plug wire (flexible) 
1 ea. alligator clip 

1 ea. 6 V battery (or car Dattery) 

Ha 3 1 Demo 

1 ea. magnetic strength 

Eddy Current Demo 

1 ea. large magnet 
copper & aluminum pieces 

1 ea. rectanguler bottle with oil & iron filings (put near 
Eddy Current Demo) 

1 ea. box of small magnets (center table) 

1 ea. pack of white paper 
Per Lab Station 

2 ea. long nosed pliers 
1 ea. ruler 

1 ea. bottle with cooking oil and iron filings 
1 ea. board cut to hold magneto 

1 ea. bottle of iron filings 

2 ea. bar magnets 

1 ea. soft iron washer (large) 

1 per 2 groups - gooseneck lamp 

1 per 2 groups - motor support templates 

1 ea 1/2" diameter dowel rod (10 cm long) 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 



Laboratory 7 Lenses and Ot'tical Devices 



Purpose 

The goal of this lab is to introduce you to some of the 
properties of converging and di^^erging lenses. You will also 
learn how to construct a microscope and astronomical telescope. 

Laboratory Objectives 

As a result of this lab^ you should be able to: 

1. Determine the focal length of a converging lens and a 
diverging lens. 

2. Construct a simple telescope and explain how it works. 

3. Construct a simple microscope and expl-tin how it works. 

4. Describe the relationship between the ^oject of a 
converging lens and its image. 

5. Describe the effect of changing the aperature of a lenp,. 



Part I Determing Focal Length 



Introduction ' 

The focal length of a lens is determined by the curvatures of the 
two faces and by the index of refraction. 

Converging Lens - Any lens that brings parallel light rays to a 
focus (then, of course, spreads out again) is called a converging 
or positive lens. The positive refers to the focus being on the 
opposite side of the lens relative to the incoming light rays. 
The distance between the center of the lens and the point of 
focus is called the focal length . 

You sho»'.ld note that parallel light rays from an object at 
infinity will converge to a focus. That is we can find the focal 
length of a converging lens by focusing on a distant object. The 
light that travels from a distant object "straightens out" as it 
travels, just like a water wave started by a drop spreads out 
from a curved front to a straight front. Therefore, the light 
from a distant object has effectively parallel light rays. 

One further note: A converging lens is one that is thicker in 
the middle than at its edges, regardless of the curvatures of its 
two faces. 

Diverging Lens ^ ~ A diverging lens is one that bends a parallel 
beam so tliat after the beam laaves the lens the rays spread out, 
that is, the beam diverges. A diverging lens is thinner at ics 
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center than its edge. Although a diverging lens will not bring 
parallel light to a focus, a focal length is defined for it, as 
shown in Figure 1 . 




Figure 1. If parallel rays pass through a 
diverging lens the resultant rays 
seem to radiate from a point. This 
is the focal point. 

A diverging lens is sometimes called a negative lens. The reason 
for this is that the focus is on the same side as the incoming 
light rays. 

One further note on lenses: Simple lenses [single lenses] do not 
have a specified direction. Simply put this means that if we had 
the incoming light coming from the opposite direction [e.g. the 
light would come from the right in Figure 1 ] , we would find the 
focal length to have the same value, even if it changes sides. 
So, we could say a converging lens has a focus on both sides. 

Apparatus 

Student telemicroscope equipment, box of lenses (102 lab), white 
projection cards, ray box and masks, ruler, red lamps, black 
paper, large clips [card supports]. 

Procedure 

A. Convergent lenses 

1. Determine the focal length of the convergent lenses 
indicated by your lab instructor. Identify each lens for 
reference. Record your values in centimeters. 

2. To complete this measurement face your lens out a 
window towards a distance object [1 block or more]. For 
example aim the lens toward the water tower out the east 
window in the hallway. Use the meterstick as a base. 

3. Move the card back from the ] ens until the image of the 
distant object is in focus. 



ERLC 



268 



4. 



Measure the distance from the center of the lens to the 
image. Record your measurements in Table 1, (At the ena 
of B). 



5. Reverse the lens and show the focal length is unchanged^ 

6. Repeat for the other lenses 



B. Divergent Lenses 

1. Determine the focal length of the indicated divergent 
lenses, in centimeters. 

2. Arrange the apparatus as shown in Figure 2. Make sure 



the central ray traverses the lens without being bent. 
This ray then lies along the 'optical axis'. 




3. Note how the rays diverge after leaving the lens. Mark 
the direction of the three rays, remove the lens, and 
extend the rays backwards until they intersect the 
central ray, [which lies on the optical axis]. The 
distance between the intersection point (focus) and the 
center of the lens is the focal length of the lens. 

4. Reverse the len and show th it the focal length is 
unchanged . 

5. Record your value on the table [at the end of this 
section]. Staple your drawing to the report. 

6. Repeat for the other divergent lenses. 
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Optional 



A. Use the set up for divergent lenses to find the focal length 
of a convergent lens [the lens on the aluminum mount]. The 
only difference in the set up is shown in figure 3. Note: 
The centor ray is again the optical axis. 




Figure 3. Experimental measurement of 

the focal length of a converging lens. 

1. What difference was there in the value you found by 
focusing on a distant object? Account for the 
difference. 



2. Borrow someone's glasses. Devise an experiment to 
determine if the person is "nearsighted" (his/her 
glasses would have divergent Senses] or "farsighted" 
[his/her glasses would have ' ^nvergent lenses]. 
Describe your experiment. Was your experiment a 
success? 
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Location Location Character 
qf Object Pf Image of Image 
Converging Lenses — 



II 



III 



IV 



VI 



ERIC 



at 

infiniti at F 



outside 
2F 



at 2F 



be tween 
2F and 
F 



at F 



inside 
F 



between 
F and 2F 



at 2F 



outside 
F 



at 

infinity 



sdine 
side of 
lens as 
object 



real 

inverted 
reduced 
(M 1) 



real 

inverted 
same size 
as object 



real 

inverted 
enlarged 
(M 1) 



virtual 

erect 

enlarged 



Any- 
where 



•Diver gin 
inside F 



g Lens — 
virtual 
erect 
reduced 
(M 1) 



Typical Uses 



objective lens of 
astronomical 
telescope burning 
gl^'^g , 



camera 
eye 

objective lens of 
binoculars 



camera for 
copying (1:1) 



slide 01 movie 

projector 
photographic 

enlarger 
flood light lens 
microscope 

objective lens 



search light 
spotlight 



magnifying glass 
eyepiece (ocular) 

of telescope or 

microscope 



eye glasses 
eyepiece of a 
telescope 



Rav Diagrams 





Figure 4. Imaging properties of lenses* 



^Adapted from Experiments in Physics, IMiyslcs 202 by Q^O 
Paul A. Bender and J. Thomas Dickiasoii. Star l»ub J ishii^^ # 
Company, (Belmont, CA: 1935) • 



TABLE 1 . LENS FOCAL LENGTHS 



Identification 


Type 


Focal Length 


1 . 


[Convergent or 
Divergent ] 




2 • 






^ • 






4 . 






5. 






6 . 






7. 






8. 







Part II Imaging Properties of a Lens 



Introduction 



1 



Various aspects of images formed by a converging and diverging 
lens are shown qualitatively in Figure 4. You will look at the 
images formed as you change the distance from the object to the 
lens from a separation of one focal length to a separation of two 
focal lengths. You will next consider the case when the object 
is separated from the lens by a distance of less than cne focal 
length* 

A. Imaging with the object outsidr one focal length (F)^ 



ray projector 



object mask 



"TT" 

• I 
« 




( converging lens 



h 



object 
distance 




image distance ^- 



screen 



Figure 5. Setup used for investigation of the 
relationship between image distance, 
object distance and focal length. 
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Procedure 



a. With the "object mr;sk" in the ray projector, place the ray 
projector and the screen a distance apart equal to about five 
times the focal length of the converging lens. (See Figure 
5), 

b. Now place the lens on a line between the projector and 
screen and move it back and forth until you find a sharp 
image on the screen. Note that there are two positions of 
the lens for which you get a sharp image. These correspond 
to configurations II and IV in Figure 4. 

c. Do your observations correspond to II and IV in Figure 4? 
That is, are the images [size and inverted] and location 
distances as predicted by Figure 4? (You need only take 
rough measurements to confine this). 



d. Under what conditions is the image larger than the object? 
smaller than the object? 



ee What happens as the distance between the lens and object is 
about one focal length [look on the far wall]? What happens 
when the distance is less than one fecal length [i.e. is an 
image formed on the screen or far wall]? 
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B. Imaging with object inside Oiie focal length' 

- The Converging lens as a Magnifier or Eyepiece 



When you try to look at the fine details of an object that is far 
away, the image formed ' n your retina is very small. So, you 
bring the object closer iPaking the image larger and the fine 
details stand out. However, as the object gets to near the eye, 
(less than 2 5 cm) your eye can no longer focus the object. The 
problem, is to be able to bring the obje-^t very close, so as to 
get a large image on the retina, and still ksep the image sharply 
focused . 



The solution is to use a convergent lens with a short focal 
length. The lens forms a virtual image of the object, when the 
object is just within the focal length, and the eye looks at the 
virtual image. Refer to Fir jre 6. 



V 




Figure 6. Eye sees virtual image = enlarged 
and erect. 



The Converging Lens as a Magnifier - You showed in answering 
question e above that if the distance be^-ween the objecc and the 
lens becomes less than the focal length you could not produce an 
image on the screei*. This is illustrated in Figure 4. When the 
object is within the focal length the light rays are bent towaj.d 
the axis of the system, but they still diverge and do not form an 
image. One can still pee an image, however, if you look back 
through the lens at the object. It is not a "real" image, which 
can be projected on the screen as you did in the previous 
section, but is called a "virtual" imagej one you can see, but 
is not project^ble. 

When you use a converging lens as a m?.gnlfier, hold the leas 
close to your eye, bring the cbject close to the lens (within tne 
focal length of the lens) and adjust distances until you see a 
focused image at abo'.t 2 5 cm, the "normal" reading distance. 
Mnder these conditions the magnification is given by 



m 



maxiFum 



= 1 + 25/f 



Eq. 1 
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Instructions 



Use the "student's telamicrosccpe" . The lenses and the 
transparent grid, which will be used as the object, are mounted 
in black plastic holders with magnetic iiounts. Put the 40 mm 
focal length lens, the magnifier, at the 0 cm mark on the scale 
and the grid at about the 4 cm mark. Put the card v ith the graph 
on it into the card holder and put the card holder at the 25 cm 
mark. Note that the card holder mounts on the telemicroscope so 
that the adjusting knob is on the opposite s:de from the cm 
scale . 

With your eye close to the lens look through it and focus by 
mc^'ing the grid. The following procedure is to measure the 
magnification of your magnifier. With one eye close to the lens 
look at the transparent grid through the lens while looking with 
the other eye around the lens at the graph paper. The virtual, 
magnified image of the transparent grid should be formed at the 
distance of the graph paper. To check this move your eye back 
and forth across the lens and look for relative motion (parallax) 
between the image and the graph paper. You can now compare the 
image size with the graph paper and estimate the magnification. 
Repeat vvith the 25 mm focal length lens. 

a. Which lens magnified the grid the most? 



b. Why did you need to move the grid up when you used the 25 mm 
lens? 



c. Was the image erect? 



1 2 

Part III Optical Instruments ' 



Introduction 



In this part of the lab you wiU construct various optical 
inc wruments / using the principles developed earlier. 
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Apparatuf, 

Single filament bulb, lab jack, student telernicroscopes kit, 
white projection cards 

A. Astronomical (Keplerian) Telescope 

Introduction 

Figure 7 shows the paths of light rays in a s^'mple astronomical 
telescope . 

The magnification of a telescope is not defined as the ratio of 
the sizes of the image to object. It is defined as the ratio of 
the angles subterded b*. the image and the object as shown in 
Figure 8. 

I k — image seen by the eye 




Figure Illustration of the paths of light rays 
in a simp la sistronomical telescope 




Figure 8. The magnification of a telescope is 
defined as Q/^q« Both images are at 
infinity. (liefer to Figure 4.) 
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It can be shown that if the object is far away from the telescope 
(i.e. greater than 20 times the length of the telescope) the 
magnification of th^ telescope is given by; 



M = 



focal length of objective 



(magnification of 
1 telescope) 



Eq. 2 



focal length of eyepiece 



From Equation 2 you can see that to increase the power of a 
telescope you must increase the focal length of the objective 
(and therefore tl ^ distance between the lenses) or decrease the 
focal length of the eyepiece. These conditions have led to 
astronomical telescopes of enormous lengths, up to several 
hundred feet between the lenses. However, the problems of 
keeping the lenses rigidly aligned in the wind and still being 
able to point che telescope to different portions of the sky have 
kept most telescopes under about 40 feet in length. 

With astronomical telescopes it is more important to have a 
bright image than to have high magnification. The amount of 
light enteriiig the eye or the photographic plate is determined by 
the area of the objective lens. By increasing the area of the 
objective, the amount of light forming the final image is 
increased, thus enabling more distant stars to be seen. Because 
of this, astronomical telescopes are usually classified by the 
diameter of the objective rather than by their focal length or 
power. A telescope is designed to bring a distant object closer. 

Instructions 

An astronomical telescope consists of an objective lens (so 
called because it is facing the object) of long focal length, f^, 
and an eyepiece of short focal length, f-. Construct a telescope 
using the telemicroscope as follows: Put the 105 mm lens (the 
objective} at the 13 cm mark and focus thf^ image of the bare 
bulb, which is across the room, onto a whxte card which is in the 
card holder at about the 4 cm mark. Now put tne small aperture 
40 mm lens (the eyepiece) near the o cm mark and focus on the 
back of the card. Now, while, pointing at a distant object (not 
the bulb, it may be too bright) pull the card out. You should 
now have a focused telescope! Repeat with the 40 mm lens as the 
eyepiecs. This procedure should emphasize that the ey oi ece acts 
as a magnifier "looking" at th e imac,e of the objective . 

Questions 

1. Is the image inverted or erect? 
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2. Describe in your own words how a telescope works. That is 
start with a distant object and explain how the image irakes 
its way to the return of your eyes. Use sketches as 
necessary. Be concise. (Hint: Identify the object and 
image of each lens separately and relative distances.) 



3. What is the distance between the lenses r in terms of the 

focal lengths of the two lenses? Find this distance. Does • 
this distance change if the object distance changes? 



Optional 

Galilean Telescope - The Galilean telescope, or opera glass, 
consists of a converging lens of long focal length as the 
objective, as in the astronomical telescope, but the eyepiece is 
a diverging lens. Put the diverqing lens at the 0 cm mark of the 
telemicroscope close to your eye and using the 105 nun lens as the 
objective find the correct distance between the lenses to focus 
on a distant object. 

Questions 

1. Is the object erect or inverted? 
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2. What is the distance between the lenses in terms of the 
focal lengths. Do not forget that the focal length of a 
diverging lens is negative. 



B. Compound Microscope ^ v^ ^"^ 
Introduction 




:«^e sees.) 



Figure 9 



Diagram of the compound microscope 



The action of a compound microscope is illustrated in Figure 9. 
The magnifying power of a ricr ^scope is defined in the same way 
as for a telescope. 

magnifying power _ visual angle of image seen with instrument 
of instrument visual angle seen directly 

More useful is the formula, derived from the definition above, 
that, 

magnifying power _ mac^nifying power of the objective times 
of a microscope the magnifying power of the eyepiece. 

The magnifying power of the objective is the ratio of the size of 
the image formed by the objective (first image) to the size of 
the object. This, of course, is not a fixed number for any given 
lens. However, in a commercially built microscope the image 
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distance is fixed by the length of the optical tube (an optical 
length of 160 mm is now almost universally adopted). Thus, smre 
the image distance is fixed, the object distance is also fixed 
and the magnifying pow.r for the lens is determined. The 
magnification is clearly marked on the lens mount of most 
objec* ives. 

Since the eyepiece is bei" i used as a magnifying glass to view 
the image formed by the objective , the magnifying power of the 
eyepiece is determined by the same formula as for the magn-.fying 
glass, which is 

25 

magnifying power of the eyepiece = =1 

^e 

(f is the focal length of the eyepiece measured in cm.) The 
po^e of the eyepiece is usually marked on its mount. 

Instructions 

A compound microscope (as opposed to a simple microscope, which 
is a magnifying glass) is a device which at its simplest consists 
of two lenses, an objective and an eyepiece. The object is 
placed just beyond the objective's focal point and produces a 
real, enlarged image of the object. This image is viewed, with 
'Additional magnification, through the eyeoiece. Set up the 
microscope using the telemicroscope . As the eyepiece put the 
small aperture 40 mm lens at the 0 cm mark. Put the large 
aperture 40 mm lens, as the objective, at the 20 cm mark. Put 
the card containing graph paper in the card holder at the 25 cm 
mark. Adjust the microscope until the graph is in sharp focus. 
Carefully note the positions of all the components. Estimate the 
magnification by superposing the image as seen through the 
microscope with th^ object seen directly as you did with the 
magnifying g'ass. 

Questions 

1 . How much did your microscope magnify? 



2. What is the distance between lenses in terms of the focal 
lengths of the two lenses? 
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3. Describe in your own words how a microscope works. That is 
start with the object and explain how the image makes it to 
the retina of your eye. Use sketches as necessary. Be 
concise. (Hint: Identify the object and image of each lens 
separately and distances.) 



4. What lens combination might increase the magnification? Try 
it and report your results here. 



Part IV Optional Demonstrations 



Apparatus 

Find your height mirror, polarizing display, optics display box, 
aperature reducing material, large lens hall demo 

A. Find your height mirror - The instructions are on the mirror. 
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1. Sketch a ray diagram explaining what is occurring. 



Large lens hall demo 

1. What type of lens ir.ust this be? Why? 



Aperature e xperirnents - (A write-up explaining use with 
cameras is found near tne lens). The aperature (opening of a 
lens) determines the amount of light that will reach the 
"screen". Cameras use this to control the amount of ligh<- 
onergy that will reach the film. Your eyes have an iris that 
will change your pupil diameter to regulate the amount of 
light. 

The eperature does not change the focal length. It also 
does not lose any of the image. 

I. Play with the aperature opening on the camera lens 
located in the optics display box. Describe how the 
aperature is changed. 
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2. Tape a sinall circle of tape to one of the convergent 
lenses with the aluminum bases. Go into the hallway 
to refind the focal length. Was there any change in F? 
How did the intensity change? Did you lose any of the 
image? Block off half the lens and see what happens. 
Report your observation here. 



3. Use the ray box and a convergent lens. Project an 

L,jage of the object mask. Block off various parts of 
ieus. Record your observations on intensity and loss 
of image. 



4. Summarize the effect of changing aperature. 



284 



5. Why, based on your observations, do telescopes want a 
large objective? 



D. Polarizing Materials - This is a "fun" hands on display. 
A write-up explaining what is occurring is located near 
the box. 

E. Optics Box Demo - Experiment with the various items. Notice 
that just because a lens is cut in half does not mean it 
won't work. 



References 



1. Experiments in Physics ^ Physics 202 , by Paul A Bender and 
J. Thomas Dickinson. Star Publishing Company (Belmont/ CA: 
1985). Material taken verbatim. 

2* A Survey of Labor a tory Phys ics ^ Part 2 , by Paul A Bender. 

Star Publishing Company (Belmont, CA: 1984). Material taken 
verbatim. 
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Lab 7 Lenses and Optical Devices 
Apparatus List 



Per Person 

3 ea, strips of black construction paper 
1 ea. ray box 

1 ea. mask set (image and 3 slits) 

1 ea. box of six lenses (3 diverging & 3 converging) 

1 ea, projection card (llcm x 11,5cm) (white on one side, 

graph on the other) 
1 ea. larc^ binder clip (to hold card) 
1 ea. aperature mask 
1 ea. red light d^sk lamp 
1 ea. student's telemicroscope kit 
1 ea. ruler 



Per Lab 

1 ea. pack of white paper 

1 ea. optics demonstration box 

1 ea. fixed focus camera with wax paper screen 

1 ea. nearsighted glasses 

1 ea. farsighted glasses 

1 ea. "find your height' mirror demonstration 

1 ea. reflecting telescope 

1 ea. blackboard optics set-up (from lecture prep) 

1 ^a. polarization spacer 

1 ea. box of mica 

1 ea. box of iceland spar (calcite; 

1 ea. polarization light table/and demo items 

1 ea. large lab jack 

1 ea. single filament light source (25w) 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 



TA Notes Lab 1 

1. At the beginning of class you will need to introduce the 
concept of motion In the introductory talk you should 
illustrate that all of us refer to motion in uur daily 
conversations . 

2. Part of the introductory material should include the 
"Feather and Farthing" free fall demonstration (a penny and 
a feather in an evacuated tube). Be creative in your 
introduction of \ae demonstration. Do not give an 
explanation of why the behavior is such; let the students 
develop their own understanding of what is occurring. 

3. You will also need to introduce the rudiments of graph 
making. Peirticularly the art of sketching based on one's 
observations. See attached material for a handout on 
graphing. 

4. a. Part I of the lab will require close supervision. 
You should move from table to table, checking to see if 
the students are arriving at the appropriate responses 
to the questions. You should not just look at the 
written answer but rather ask the student to verbalize 
what they have written. For groups larger than twelve 
people, you may want to arrange for assistance. You 
will need to make sure that you observe and question 
each student to help them develop a full understanding 
of the material. 

b. Do not let the students get bogged down in 
mathematics and graph drawing. The students are only 
asked to make sketches, not detailed .analysis. The 
main thrust is for the students to compare graphs and 
make decisions based on their comparisons. 

5. Part II of the lab is much like the 101 lab of the same 
name. However the students here are not going into the 
analysis, rather they are again making comparisons and 
judgments. The graphing ability is at the 101 level. Help 
the students understand that the graph and its mathematical 
analysis is simply a tool to further understanding. 

6. Part III is optional. The students at this stage are 
learning how to approach a problem and answer it based on 
their experimental evidence. Again have the students 
verbalize their answers. 
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7. The physics feats are introduced as brain fodder for the 
students. The intention is for the student to extend 
his/her knowledge about the use of {.hysics. 

8. The lab, as written, is designed for the students to 
work in a two-person group. You may at times find i- easier 
to cover some of the material as a class using inquiry 
methods. For example Part I could be done with the whole 
group. Use good questioning strategies to bring out the 
desired responses. 

Additional Suggestions : 

1. Included in the attached material is an inquiry lesson 
that deals with the independence of gravitational 
acceleration and n-ass that can be substituted for the 
"Feather & Farthing" demonstration. Howeve. note that it 
brings in Force and Newton's Law concepts that are ahead of 
the students in lecture. 

2. An alternative to using an air track is to get a board 
and soup can. Start the soup can rolling on the board (you 
may need to elevate the board a bit). Carry out the same 
measurements and analysis. 

3. Additional suggestions for optional Part III: "Pull the 
pendulum to one side and let it go. What happens to the 
amplitude as it swings back & forth? Why?" 

You will find a key to one of the service shafts on 3rd 
floor (room 350). The pendulum is hung from the ceiling of 
12th floor; it serves as an illustration of the effect of 
length on the period. 



Gi aphs 

A graph is convenient way to arrange data so that 
relationships between two or more "properties" (called 
variables by scientists) can be seen at a glance. The graph 
will show you how a change in one variable is related to a 
change in the other. The independent variable is usually 
graphed on the horizontal axis. It's value is specified in 
advance. The dependent variable is the thing ve are 
interested in measuring. It is usually graphed on the 
vertical axis. 

To draw a graph, first decide which is the dependent 
variable, and plot it on the vertical axis. Plot the 
in dependent variable on the horizontal axis. Label the axis 
to tell what you are measuring. Include the units you are 
measuring in; there might be a big difference between time 
(sec.) and time(min.)! Next, determine the scale. You can 
approximate it by dividing the number of grid lines by the 
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highest data value. This will spread the data points out so 
you can see the changes easily. Always start with zero at 
the 0i.igin y and use equal intervals or units along the 
scale. Use different symbols for points and lines 
representing different experiments, and clearly label which 
is which. Include a title. Refer to Figure 6, 

An important value that can be found from a graph is 
its slope. The slope is the ratio of changes in the 
dependent variable to changes in the independent variable. 
The slope is sometimes called "rise over run" (how fast the 
curve rises divided by how fast it spreads out (the run]). 

Expressing the slope in terms of an equation, we have for 
the slope, S; 

rise y2 - y^ 



run X2 - 

where y2# yi are two values of the dependent variable; 
^2' ^1 associated values of the independent 

variaole. 

Reading a graph is easy, ijE everything is labelled . 
For example, suppose we wanted to know how quickly a mug of 
fresh hot coffee (Mug A) will cool to room temperature 
(15 C) if it* is left on the table. We are compering change 
in temperature (the dependent variable) as a function of 
time (the independent variable). We decided arbitrarily 
that time would be measured at 2-minute intervals. You 
would find the graph to look like graph A. Notice how the 
line slopes down, indicating that the coffee lost heat with 
time. When a quantity is measured against time the slope of 
the line is called the rate. 

If we put another mug of coffee (Mug B) in the 
refrigerator to cool, we could compare their relative rates 
of cooling. By looking at graph B, we can see that the 
coffee that was in the refrigerator also lost heat with 
time (because the graph slopes down), but it reached room 
temperature sooner. Thus, from these graphs we could 
quickly determine that both mugs lost heat, but Mug B lost 
heat at a faster rate (because the slope is steeper). From 
the graph we could ask questions like: Why did the graph 
level out at 15 C in A? What was the temperature of 
the refrigerator? How would the graph look if the mugs 
contained ice water (0 C) instead of coffee? How long 
did Mug B take to reach 15 C? Mug A? The slope can be 
used to answer these questions!! 
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tsme, t (nt/rt) time , tr r^*^-) 

Fig. 1. Graphs of a cooling curve 



Referring to the graph for Mug A, you can see a triangle 
drawn tangent to the curve at point C. The corners of rhe 
triangle will be used to find the slope at C. The slope is 
given by: 

rise Tp - 

S = = : 

run t2 - tj 

The size of the triangle run is chosen large for easier 
reading of the corners but all sizes have the same slope. 

From the Mug A graph we have, 

14°C - 27.5°C -13.5°C 

S = = = -1.7"c/min. 

10 min - 2 min 8 min at t = 6 min. 

Note that the slope varies with time but is pretty constant 
in the first 2 minutes. 

The slope tells us quite a bit. First the 
indicates that Mug A is losing heat (it is cooling). 
Second, since we have a value vgrsus time, the slope gives 

U3 the rate of cooling -1.7 C/min. at 6 min. If we had 

done a graph of distance vs. time or velocity vs. time the 
slope would again give rates - rates with special names such 
as speed or acceleration respectively. 
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Summary of Procedure for Plotting Graphs: 

1. Allow plenty of space for the graph. 

2. Draw the axis. The vertical or y-axis is called the 
ordinate; the horizontal or x-axis is called the 
abscissa. 

3. Determine which type of data to plot on each axis. 
Normally the dependent variable is plotted on the 
vertical axis and the independent variable is plotted on 
the horizontal axis. 

4. Determine how to display numerical quantities along 
each axis: 

(a) It is not necessary to start at zero. 

(b) Numerical intervals on one axis need not be the 
same as on the other axis. 

(c) Intervals should be selected to be of a 
convenient size for ease of plotting and graph 
interpretation. 

5. Label each axis clearly with the type of data being 
plotted and the units being used. 

6. Plot the points. 

7. Draw the straight line or curve which best represents 
the plotted points . 

8. Interpret the graph - estimate slopes when meaningful. 

Purpose: The goal of this lesson is for the student to have 
a clear understanding of the independence of gravita- 
tional acceleration, g, and mass. 

Rationale: The concept of the constancy of g for all masses 
is central to solving many basic physics problem. A 
clear understanding of the concept is required to 
interpret a physical problem. 

Performance Objectives: 

Given a word problem dealing with mass, gravity, and air 
resistance the student will give the correct response 
using the results of this lesson. 

Given several verbal questions on mass and gravity the 
student will respond that "g" is independent of mass 
each time. 
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Content: Gravitational acceleration is independent of 
mass. 

Procedure : 

The lesson development flows as follows: 

(1) Present an experiment. Questions ensue. The 
experiment is done. Summarize through student 
feedback . 

(2) Vary experiment. Questions ensue. The experiment 
is done. Summarize through student feedback. 

(3) Vary experiment. Questions ensue. The experiment 
is done. Summarize through student feedback. (This 
last experiment branches to a new topic. ) 

The sequence of the lesson is such: 

(1) Focuser - World Series, Baseball, and falling 
objects . 

weight 

mass - the quantity of matter in a body. More 

specifically, it is the measurement of the 
inertia or 

Ql - What makes a baseball fall? 

response - force of gravity 

Q2 - Does it make a difference how much it 
weighs? 

response - in air, yes - in vacuum, no 
Define on overhead weignt and mass 

( 2 ) Procedure 

(a) Introduce experiment (2 balls, 1 lead, 
1 regular) 

Q3 - If I release these balls at the same time, 
which will hit first? 

Generate a general response. Each student 
indicates choice. 

DO IT 

Q4 - What can you conclude about the effecc of 
the different weights (amount of mass) on 
how the balls f oil . 

Student response and indicate why they 
made that choice. 
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Differentiate between mass and weight 

(b) Experiment 2 (2 different sized balls) 
Q5 - Does size have an effect? 

Generate a group response. 
DO IT. 

Q6 - So, what is the important factor? 
Generalize response. 

(c) Experiment 3 (Paper and ball) 
Q7 - Which will hit first? 

After response crumple paper and drop it. 

Q8 - So, what is the important factor? Why? 

Generate response. Evaluate by leading them 
into trying it with paper not crumpled. 

(d) Thought experiment 

Q9 - What would 've happened in a vacuum? 

Have them support their answer by citing 
parts of Experiment 3. 

Extension of 

(1) Focuser - So we've decided that the weight (mass) has 
no bearing on the fellow but air resistance does so.. 

(2) Let's look at Newton's Laws.... 

We know that a falling body 

F ^ = ma and inertia 

net 

the 'weight' of an object is given by F^ = mg 

A body falling is described by 

F = F + mg net force where F^ is force of 
"^^ air resistance 
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but we can ignore (in our earlier exp. ) 

a 

so, F^g^ = mg but F^g^ = ma 



F 

a = -net 
m 



ratio of weight 
a = -net = g = ^net to mass 



mm m 
c. = g 



Same for all bodies in 
the same locale 



|net = g |net = g 



Much like 



D " d 



The kicker is air resistance 



so 



F = F + mg when in vector form - 



net a 



Now F depends on the speed 
through the air. TJ a faster 
it goes the larger will 
be until - 

mg 

F^ = mg or if you like mg - F^ = 0 

which means the object has no net force and thus no 
acceleration 

What you see is 

Paper 

terminal velocity 



since — ^ = a by definition 
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So the net force is zero^ so it moves at a constant 
velocity! 

For calc buffs a = v so if v = 0 = v = 0 

t t 
then V is as constant in time. 

Interject parachuters 

Interject extension 

(3) Closure. Draw a group summary. Stress importances. 
Suggest they extend air resistence in their own 
experience. 

(4) Evaluation Procedures: Following the closure give 
them attached question sheet. This is a small 
summative check. Formative check is continuous. 

Lesson Extension: Develop the mathematics to back- 
up our observations. 

Materials: 2 tennis balls (1 filled with lead 
shot)^ 1 ping pong ball, 1 basketball, 2 sheets of 
paper, 1 observation sheet per 2 people, 1 question 
sheet per person, overhead. 

1. If you repeat todays experiments on the moon, what would 
you notice different? 



2. Clearly distinguish between mass and weight. 



3. Suppose an elephant and a feather fall from a high tree, 
which encounters the greatest force of air resistance in 
falling to the ground. 

a) the elephant b) the feather c) both the same 
Justify your answer 



(Note - Elephant clearly the largest - largest frontal 
area. But importance is Fa/m; Here the feather is 
largest so it reaches terminal velocity quicker). 
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4. A boulder is many times heavier than a pebble - that is, 
gravitational force that acts on a boulder is many times 
that which acts on the pebble • Yet if you drop a 
boulc r and a pebble at the same time, they will fall 
together with equal accelerations (neglecting air 
resistance). The principal reason the heavier boulder 
doesn't accelerate more than the pebble has to do with: 

a) energy b) weight c) inertia d) surface area 
e) none of these 

Juctify your answer. 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 



TA Notes Lab 2 



TREE FORCE 



NEEDED : Observation. 

The roots of a growing tree can exert unbelievable 
force. They can destroy concrete foundations and create 
massive upheavals of earth and rock. They can split a hard 
rock if growing inside it. 

In the drawing a tree growing in a front yard is seen 
destroying concrete steps, the walk, and the street curb. 




The large force exhibited by the roots is the combined 
forces of millions of tiny cells with fragile walls. 

But there is very little energy involved. Energy or 
work equals force times distance moved. Power equals energy 
over time. Distance moved is small r energy small r time long 
( large )r .^ower small. 



YOU AND A HORSE 
NEEDED: A ruler, a scratch pad, a pencil. 

EXPERIMENT : Measure the height of the stairs or steps, then 
find out how much energy is used in climbing them. 
METHOD : Multiply the height by your weight to get foot- 
pounds of energy. Suppose you weigh 110 pounds and the 
stair is ten feet high, you have used 1110 foot-pounds of 
energy. To change this into horsepower, another figure must 
be added: time. Horsepower is 33,000 foot-pounds per 
minute, or 550 foot-pounds per second. If you climb the 
stairs in five seconds, then your power is 11— divided by 
five times 550, or four-tenths of a horsepower. 
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WEIGHT LIFTING 



NEEDED : A weight. 

EXPERIMENT : Lift the weight as in the drawing at left, and 
it is easy. Try to lift it as shown in the drawing at 
right/ and it is difficult or impossible. 
RE ASON : In the left drawing , 
the muscle tension (force upward) 
and the weight act alonr the same 
line and are equal. Both are 
fairly small . 

In the right drawing^ where 
the arm is extended^ the muscle 
tension times ius distance from 
the pivot point mjst equal the 
weight times its distance from 
the pivot point (length of arm). 
Since the weight is far from the 
pivot point and the muscle close 
to the pivot pointf the muscle 
tension must be many times the 
weight/ if it is to support the 
weight. 

The lower drawings show 
this in an over-simplified manner. 
The pivot point is the shoulder 
joint . 




GLAMORIZING THE WEDGE 



DICTIONARY DEFINITION : A wedge is a piece of wood or metal r 
small at one end a.id larger at the other / used for rending 
or compressing. 

COMMENT: A wedge is a type of 
inclined plane which is pushed 
into an object to cut or split it. 
The smaller the angle of the wedge / 
the easier it is to cut the object; 
therefore a sharp knife cuts better 
than a dull one. 

The push required to move a 
wedge into an object is not easy 
to determine because of friction. 

The wedge is used by carpenters 
and woodsmen in the form of the ax, 
chisel r plane/ and nail. The farmer 
turns his soil with a wedge — the plow- 
A rotating wedge or cam is used to 
push up the valve rods in automobile 
engines. A needle is a wedge^ too. 
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DEFYIbJG GRAVITY 



NEEDED ; A hammer^ a ruler^ a string a table edge. 
EXPERIMENT ; Tie the ruler and hammer toget-her as shown^ and 
they will hang from the table in what will look like a most 
precarious manner. 

REASON ; Most of the weight is in the hammer head^ and if 
the ruler Is moved along the table edge until the center of 
weight of the assembly is directly under the edge, the 
balance point will be easy to find. It is as if the weight 
were hanging straight down from the table. The center of 
gravity of the assembly must be on the table side of the 
table edge. 




MULTIPLIED MUSCLE POWER 

NEEDED ; A hammer and a nail, a piece of wood, a small block 
of wood. 

EXPERIMENT ; Try pulling the nail with the nose of the 
hammer against the wood. Then place the small block under 
the hammer as shown, and the nail will be pulled easily. 



299 



REASON : Note the two broken 
lines in the drawing. If 
the distance of line A is 
one inch/ and the distance 
of line B is 10 inches^ 
the pull on the handle 
places about ten times as 
much pull cn the nail. If 
40 pounds pull is exerted 
on the handle^ about 400 
pounds of pull is exertad on 
the nail. The pulling force 
applied to the handle will 
most ten times as far as the 
nail moves. 

The hammer is a form of 
lever. 




From: 333 Science Tricks & Experiments ^ by Robert J. Browne 
Radio Shackr Cat. No. 62-1081. 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 



T.A. Notes Lab 4 — Behavior of Gasses 



Equipment : Net ^. 

!• \ote that the equipment is different from that indicated 
in the instructions. The scale is now on the plunger, 
not on the body of the syringe, and no longer calibrated. 
Students will have to calibrate the scale in cm3, finding 
the zero volume reading and calculating the volume from 
the inside diameter of the syringe body and the scale 
reading. A good way to read the scale is to sight across 
the top of the syringe body, being careful to eliminate 
parallax. 

2. The pistons or plungers should be snug, but not tight, 
in the syringe body. If necessary, try a little spray 
lubricant (not vaseline; it sets up hard af^'er a few 
days). Please spray into a cardboard box or into the 
waste basket. Much of that stuff on the floor makes it 

as slippery as ice. If the plungers stick, twist slightly. 

3. At the end of lab remove all the 
pistons from their syringes so they 
don't freeze in place. 



Demonstrations 

1. Liquif ication of dry ice (to be done by TA's only): Using 
the special syringe on the front desk (not the syringes at 
the student desks) a li tie (pea size) piece of dry ice can 
be liquified by hand p^^-,ssure. If the plu'^ger is then 
released solid C02 will form. The plunger will also travel 
the length of the lab so aim carefully! 



Make a C02 "generator" to fill 
the syringes, as shown below. 



Put weights on the plunger slowly, 
both to prevent large temperature 
changes and to prevent overturning 
the apparatus . 




BE SURE GAS STOPCOCKS ARE OFF WHEN DONE!! 
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS 

PHYSICS BLOCK 

TA Notes " Lab 6 

CURRENT AND COMPASS 



If a current^carrying wire runs directly over a magnetic 
compass/ the needle of the compass will 

a) not be affected by the current 

b) point in a directio*^ perpendicular to the wire 

c) point in a direction parallel to the wire 

d) tend to point directly to the wire 




ANSWER: CURRENT AND COMPASS 

The answer is: b. The magnetic field lines circle the 
current in the wire as shown. The needle of the compass 
then orients itself parallel to and along the magnetic field 
lines. Therefore the needle is perpendicular to the 




FARADAY'S PARADOX 



This is a coil of wire with a hunk of iron locked in it. 



This is a coil of 
wire with a hunk 
of iron locked in it. 




a) If current is made to flow in the wire, the iron becomes 
a magnet 

b) If the iron is a magnet, current is made to flow in the 
wire 

c) Both of the first two statements are true 

d) Both of the first two statements are false 

ANSWER: FARADAY'S PARADOX 

The answer is: If current flows in a wire wrapped around 
some iron (say a nail), it becomes an electromagnet. Making 
such a magnet is an old standard Cub Scout project. 'But if 
a magnet is sitting inside a coil it does not cause a 
current in the coil or even charge the wires. In the days 
of Queen Victoria, Michael Faraday* and many of his 
contemporaries puzzled about this. They thought if current 
makes magnetism, then by all rights magnetism should make 
current, but how? While wondering about this, Michael 
Faraday made his big discovery. A magnet: would make a 
current in the coil, but only if it was moved inside the 
coil and not locked in one place. After all, it takes 
energy to make a current and the energy comes from the force 
that moves the magnet or the coil. 

Faraday's discovery was the key to electric generators. A 
generator just moves a magnet back and forth near a coil (or 
moves a coil near a magnet) and so makes an electric current 
flow in the wire. The Prime Minister of England came to 
Faraday's laboratory to actually see electricity generated 
in this way. After the demonstration he asked Faraday, 
"What good is electricity?" Faraday answered that he did 
not know what good it was, but that he did know some day the 
Prime Minister would put a tax on it! 
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METER TO MOTOR 



Wlien electrons in a wire flow through a 
magnetic field in the direction shown, the 
wire is forced upward. If the current is 
reversed, the wire is forced downward. If 
a wire loop is instead placed in the nagnetic 
field ana the electrons flow in the direction 
shown below, the loop will tend to 




a) rotate clockwise 

b) rotate anticlockwise 

c) do nothing 





ANSWER: METER TO MOTOR 

The answer is: b, for the right side is 
forced up while the left side is forced 
down as shown. Although this is an easy 
question to answer, its point is important 
for this is how electric meters work. 
Instead of one loop, many loops forming 
a coil are used.- and held by means of a 
spring. When current is made to flow through 
the coil the resulting forces twist the coil 
against the spring — the greater the current, th-^ more the 
twist, which is indicated by a pointer that gives the 
reading. It is only one step further to an electric motor, 
wherein the current is made to change direction with each 
half turn of the coil so that it turns repeatedly. 



Underlying electric meters and motors 
is the simple fact that electric current is 
deflected in a magnetic field. The deflect- 
ing force is always perpendicular to b<ith 
ihe current and the magnetic field as 
shown in the sketch. 
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MOTOR-GENERATOR 



Both an electric motor and a generator consist of coils of 
wire on a rotor that can spin in a magnetic field. Tl:e 
basic difference between the two is whether electric energy 
is the input and mechanical energy the output (a motor), or 
mechanical energy is the input and electric energy the 
output (a generator). Now current is generated when the 
rotor is made to spin either by mechanical or electric 
energy — it needn't "care" what makes it spin. So is a 
moror also a generator when it is running; 

a) Yes, it will send an electric energy output through the 
input lines and back to the source 

b) It would if it weren't designed with an internal bypass 
circuit to prevent this problem 

c) No, the device is either rx motor or a generator — to be 
both at the same time would violate energy conservation 



ANSWER : MOTOR-GENERATOR 

The answer is: a. Every electric motor is also a generator, 
and in fact, the power company that supplies the input 
energy in effect gives you a refund for the energy you send 
back to them. That's because you pay for the net current 
and hence the net energy consumed. If you motor is spinning 
freely with no external load it will generate almost as much 
current as it is powered with/ so the net current in the 
motor is very little. Your electric bill is low as a 
result. The back current, not friction, limits the speed of 
a free-running motor. When the back current cancels the 
forward current, the motor can spin no faster. But when 
your motor is connected to a load and work is done, more 
current and more energy is drawn from the input lines than 
is generated back into them. If the load is too great the 
motor may overheat. If you go to the extreme and put too 
great a load on a motor such as to prevent it from spinning 
— like jamming a circular saw in stubborn lumber for 




3G5 



example — no back current is generated and the undiminished 
input current in the motor may be enough to melt the 
insulation in the motor windings and burn the motor out I 




Solid NUtMi 



soup 

INPVT 




From Thinking Physics by Lewis Epstein. Insight Press (San 
Francisco: 1983). 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK 



HOMEWORK PROBLEM SET #1 



1. If the stick of "Measurements, Fig. 1" is found to be 50 cm 
long and the distance from A to B is found to be 14.6 stick 
lengths, then what is the distance from A to B in meters? 

2. Hew many kiloseconds are there in an hour? How many minutes 
are there in one kilosecond? 

3. Graphs for position versus time are shown below. 

A. State whether they indicate constant or changing 
velocity . 

B. IS the average velocity in the interval A-B positive, 
zero, or negative for each case? 



4. A driver traveling to Moscow (a distance of 8 miles) 
averages 30 miles/hour for the first four miles. How fast 
mupt she drive to average 60 miles/hour for the total trip? 

5. T'.;o drag racers are given the go flag. The red car'^ engine 
starts 1/2 second later and then accelerates at Sm/s . The 
blae car has a good start and takes off immediately at 

4 m/s . After 3 seconds from the go flag which car has gone 
the farthest? Which car has the largest velocity? 

6. For the situation of problem 5 answer the questions for 5 
seconds after the go flag. 

7. K&F #1-4 - A car accelerates from a speed of zero to 
60 km/hour in 12 s. What is its acceleration? 

8. K&F #1-7 - At the end of its arc, the speed of a pendulum 
is zero, is its acceleration also zero? 

9. A ball is thrown up at an angle of 45^ with respect to the 
ground, describe how the X and Y components of its velocity 
vary as it travels. Continue the discussion until the ball 
strikes the ground. 

10. Discuss the forces acting on the ball of problem 9 during 
this motion, including the forces to start and stop it. 
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PHYSICAL SCIENCE FOR ELEMENTARf TEACHERS 
PHYSICS BLOCK 



HOMEWORK PROBLEM SET #2 



A child in a city where the blocks 
are square starts from the corner 
of West Third Avenue and North Second 
Street, and walks south 5 blocks 
along West Third Avenue, crossing 
Main Street and reaching South 
Third Street. She then walks 5 
blocks eastward, crossing Center 
Avenue to reach East Second Avenue. 
She then runs to the corner of 
North First Street and East Second 
Avenue, and finally she goes along 
North First Street to West Fourth 
Avenue . 

a. What is the distance traveled? Figure 1 

b. What is the displacement for the entire trip? 
displacement = vector position 

distance traveled = total length of all segments of trip 
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Figure 2 

A horse is pulling a heavy cart, and the cart (and 
horse) are both being accelerated. Is the force of the 
cart on the horse equal and opposite to that of the 
horse on the cart? If your answer is "yes," explain how 
it is that these equal and opposite forces give rise to 
the "net force" that is necessary to cause acceleration. 
If your answer is "no," explain whether Newton's third 
law is true while the cart is accelerating. 

Explain how the horse becomes accelerated. What 
is the origin of the "net force" on him? In which 
direction is the net force on the horse? 
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3. A horse of mass 600 kg is setting into motion a loaded 
stoneboat of mass 4 00 kg (Figure 2). The force of 
friction is 500 N. 

a. What forward force F is exerted on the horse 
by the ground if th^ system has a forward 
acceleration of 2ms ? (Hint: Consider the 
whole system in solving this part of the problem.) 

b. What is the tension in the connecting rope? (Hint: 
Consider either the horse or the stoneboat for this 
partf as a cheeky do it both ways.) 

4. If ycu push vigorously against a brick wall/ how much 
work do you do on the wall? 

5. When a punter kicks a football f is he doing any work on 
the ball while his toe is in contact with the ball? Is 
he doing any work on the ball after it loses contact 
with his toe? 

6. A football player leaps into the air to catch a forward 
pass. Discuss the catch in terms of both the conserva- 
tion of momentum and the conse'^vation of energy. 

7. What is the weight in newtons of a man whose mass is 70 
kilograms? 

8. What 3S the mass of a child whose weicht is 300 N? 

9. The motor on a 75 kg moped exerts a forward force on 
the bike of 300 newtons. Find the acceleration of the 
moped. 

10. How much potential energy does a 60 kg high jumper have 
when he/she goes over a 2 meter bar? 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHEP.S 
PHYSICS BLOCK 



HOMEWORK SET #3 
(Not to be turned in) 



Rotational 

1. A penny is laid on the rough surface of a phonograph 
turntable/ near the outer edge^ and the motor is turned 
on. The penny does not slip^ and it turns with the 
turntable with a constant speed of 33 1/3 rev/min. Is 
the velocity constant? Is zhe penny in equilibrium? 

2. Is it possible for a body to be accelerated if its 
speed is constant? 

3. Consider an atom of aluminum near the rim of a 
phonograph turntable turning at -^5 rev/min. Does any 
centripetal force act on the atom? If so, what is this 
force caused by? 

4. What is the source of the centripetal force on the 
pilot of a plane that is executing a vertical loop-the- 
loopr when the plane is at the bottom of the loop, 
curving upward? 

5. Often when a high diver wants to turn a flip in mid- 
air, she will draw her legs up against her chest. Why 
does this make her rotate faster? What should she do 
when she wants to come out of her flip? 

6. As a tether ball winds around a pole, what happens to 
the speed of the ball? Why? 



Heat 

7. Markings to indicate length are placed gn a steel tape 
in a room which has a temperature of 22 Celsius. A 
surveyor uses the tape on a day when the temperature is 
27 C. If he measures the width of a lot to be 30 
meters, is his measurement too long, too short, or 
accurate? Defend your answer. 

8. One hundred grams of ice is at 0^ Celsius. How many 
calories of heat are required to change all of this to 
steam? 

9. Give examples to distinguish between temperature and 
neat. 
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10. What would happen if the glass of a thermometer 
expanded more upon heating than did the liquid inside? 

11. Why can potatoes be baked more quickly by putting a 
piece of metal through them? 

12. Suppose you are outside on a belov-f reezing day. Why 
would it be more dangerous to lick a steel pole than a 
piece of wood? 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK 



HOMEWORK PROBLEM SET #4 



1. A rod with a positive charge is brought near, but not 
touching, an electroscope. Its foil stands out. Why? 
What kind of charge is on the foil? 

2. A rod with a positive charge is brought near, but not 
touching, an electroscope. When we remove our finger and 
the positively charged object, does the foil move? Why? 
What kind of charge is on the foil? 

3. Two objects are charged: one positive, the other negative. 
What happens when they touch? 

4. Assume you have a solid metal ball and a hollow ball of the 
same size and material. Which one can you place the most 
charge on? Why? 

5. A charged comb often will attract small bits of dry paper 
which fly away when they touch the comb. Why? 

6. You need a 27 volt battery but all you have is a box of 
several 1.5 volt batteries. Sketch a circuit that would 
enable you to get your 27 volts from them. 

7. The figure to the right illustrates i-^^i* ^«i«anc8 

two resistances - one large and one 
small - connected to a battery. 
In which resistor is the current 
largest? Why? Which resistor 
has the most voltage across it? 
Why? 

8. Given three light bulbs and a battery, sketch as many 
different electric circuits as you can. 

9. Discuss the changes in energy that occur as a charge moves 
through a circuit. 

10. A wire carries a current from south to north. If a 

compass is placed above the v/ire, will it deflect in the 
same direction as it will when placed below the wire? 
Explain. 

11 • Two parallel wires carry electric currents. Do they affect 
each other? Why? 



Smalt Resistance 
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12. You are an astronaut stranded on a planet with no test 
equipment or minerals around. The planet doesn^t even have 
a magnetic field. You have two pieces of iron in your 
possession; one is magnetized, one is not. How could you 
determine which is magnetized? 

13. There are irregular variations in the strength and direction 
of the earth^'s field at points on the surface having the 
same latitude. What could cause these variations? 

14. A beam of particles shoots through your dormitory room. 
If you would like to know whether they are electrically 
charged, how could a magnetic field resolve your problem? 

15. What will be the effect of rotating the coil of a 
generator at a faster rate? 

16. When you hear an electrical device humming, it is likely a 
transformer producing the sound. What causes transformers 
to hum? What frequency of hum do you expect from the 
transformer? 

17. Could a current be induced in a coil by rotating a magnet 
inside the soil? 

18. Why will a transformer not work for DC? 

19. Propose some experiments that you could do to show that 
gravity, electricity and magnetism are different 
phenomena, and discuss the conclusions *-hey provide. 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK 



HOMEWORK PROBLEM SET #5 
^Not Due) 



1. How long must a mirror be in order that a person 2 meters 
tall can see his whole ixnage (standing) in the mirror? 
(Be careful - the answer is not 2 meters.) 

2. Suppose you are told only that two colors of light (X and Y) 
are sent through a prism and that X is bent more by che 
prism than is Y. Which color travels slowest in the glass 
of the prism? 

3. Is the lens shown in Figure 1 a 
converging or a diverging lens? Why? 
Why do you suppose a lens shaped like 
this is often used in eyeglasses? 

4. Use the law of refraction to convince 
yourself that the path followed by a 
ray of light through a pane of glass 
is as shown by the dark line in 
Figure 2. What does the gray 
line show? 

6. Interference patterns can be produced 
by the two light waves shown in 
Figure 3. Explain. 

7. To reduce the glare from light 
reflected off Water, should polarizing 
glasses cut off vertically or 
horizontally polarized light? 
Explain. 

8. Does the light produced by a neon 
sign constitute a continuous 
spectrum or only a few colors? 
Defend your answer. 



9. Which has more energy, a photon of 
ultra-violet "light" or a photon 
of yellow light? 

10. Refer to Figure 4. Would you expect the energy of the 
electron to change more or less from n = 1 to n = 2 as 
compared to n = 2 to n = 3? Why? Is the distance from 
n = 1 to n = 2 greater or less than the distance from n = 2 
to n =^ 3? 
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12/6 C and 13/6 C both have 6 protons in the nucleus. 
12/6 C and 11/5 B both have six neutrons. The first pair 
are botn the same element, but the second pair are not. Why 
is the number of protons so much more important then t.he 
number of neutron^.? 

Alpha particles emitted with exactly the same energy as beta 
particles do not penetrate as far. Why? 

If an element has a half-life of two days, how much of an 
original sample of two milligrams remains after eight days? 
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS 
PHYSICS BLOCK -- EXAM 1 
11 April 86 



Answer questions on a separate page. 
1. 36 pts. - Define or describe the following concfe^ts. 



Be 


brier 


but 


complete and clear. 


A. 


Average Velocity 


B. 


Acceleration of Gravity 


C. 


Newtons Second Law 


D. 


Action-Reaction (Newtons Third Law) 


E. 


Momentum 


F, 


Conservation of Energy 


G. 


Angular Momentum 


H. 


Temperature 


I. 


Heat 


J- 


Heat Capacity 


K- 


Triple Point 


L, 


Thermometric Properties 



2. 13 pts. — A basketball player shoots a basket from 20 
ft. away from the basket. It's a high arching shot 
that drops neatly through the basket for a score. 
Describe all of the forces on the ball as it is being 
shot by the player, as it travels to the basket and as 
it drops through the net. Also describe the motion as 
the ball travels from the player to tha hoop, be sure 
to indicate the velocity and acceleration at important 
points in the trajectory such as the point of release. 
The peak of the path and just before it hits the net. 



3. 12 pts. — A student is standing on a scale in an 

elevator. The elevator is accelerating at 2 m/s. If 
the student's mass is 60 kg, what does the scale read 
in Newtons? 

4^ 




13 pts. " Consider the amusement park ride below; 
(Note: The car starts by being lifted to a point on the 
left side from which it is released. No further energy 
is prov '.ded. ) 




A. Does the car have to start higher than the central 
loop? 

B. Where does the centripetal force on the rider come 
from at the bottom of the central loop? 

C. Where does the centripetal force on the rider come 
from at the top of the loop? 

D. Write down the equation that tells us how fast the 
riders are going when they are a distance y above 
the bottom. 



13 pts. A playground merry-go-round has a flat 
horizontal disk with a freely rotating bearing at its 
center. A child pulls him/herself toward the center of 
the disk. 

A. How is the rotational velocity of the 
merry-go-round affected? 

B. How is the angular momentum affected? 

C. How is the kinetic energy of rotation affected? 

D. Does the child have to work to move toward the 
center? , 




V 
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6. 13 pts> A new substance is being studied, 

(a 1 g piece), it starts out as a solid at -lOOC and 
is warmed by adding heat at the rate of 25 cals/sec. 
The data below indicate the behavior as it heats and 
subsequently vaporizes. 




A. What is its melting temperature? 

B. What is its boiling temperature? 

C- How much heat did it require to melt? 

D. HOW much heat is required to raise the liqrrd 
phase 1C°? 

E. In what phase is the specific heat the largest? 



ERLC 
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THE EQUATION SHEET 



V + V 



V - = at 



2 

X - = V t + hat 
o o 



v2 - ^ 2a(x - x^) 



F =: ma 



P = mv 



T = Fr 

perp 



PE = may 

gravity 



TE = PE + KE 
T = I (a/r) 
L = I (v/r) 



Q = mcAT 
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Physics Teaching Resources 



Books and Publications 

1. Refer to the references of each lab write up. 

2. Thinking Phys ics - Gedank en Phy sic s y by Lewis C. 
Epstein. Insight Press (San Francisco: 1983). 
Excellent collection of non math physics questions 

ith complete physical explanations . This book 
^ill help develop physical understanding. 

3. Physics Experiments for Ch i ldren ^ by Muriel 
Mandell. Dover Publications (New York: 1968). 
Good collection of simple demonstrations using 
everyday objects. 

4 . Science Experi ments a nd Am use ments f or Children f 
by Charles Vivian. Dover Publications (New York: 
1967) . 

5. The Physics Teacher ^ journal published by the 
American Association of Physics Teachers. 

The journal is designed for high school physics. 
However many of the topics and demonstrations 
tcilKed about are applicable to elementary school. 
Talk to your local physics teacher for ideas. 

6. 333 Science Tricks & Expe riments y by Robert J. 
Brown, Radio Shack, Cat. No" 62-1081. 

7. Safe and Simple Electrical Experiments , by Rudolf 
F. Gray. Dover Publications (New York: 1973). 
Fantastic source of inexpensive science experiments 
using everyday materials. 

8. High school physics texts. 

9. Elementary School Science Curriculum Guides 



Sources of Equipment 

1. Contact local businesses, (e.g. optometrist for 
lenses) . 

2. Radio Shack for electrical equipment, (e.g. 
buzzers and switches). 
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3« Edmund Scientific Company, Harrington , New Jersey 
08007. 

Contact them for a catalog. They have rr.any 
interesting items, (e.g. prisms, lenses, 
luminous paint ) . 

4. Your local Educational Service District office. 

5. Your local high school physics teacher. He/she 
has many ideas and items that can be of use to you< 

6. Local colleges. 

7. Current information. Attached are articles and 
quips that you mignt find useful. 
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2. Just after a rock is dropped out of a window, it is 
in equilibrium. Tlie force which the rock exerts on ttie 
earth is equal and opposite to the force which the eartli 
exerts on the rock. Consequently, Newton's third law 
applies here, and the net force on the rock is zero. 

3. An object is thrown vertically into the air. it rises 
to a maximum height, and then falls again. As it rises, its 
acceleration is positive, and as it falls, its acceleration is 
negative. At the maximum height, it is momentarily at 
rest, and its acceleration is zero. 

Notice that all three of these examples are drawn 



that physics is usually presented as i prooleni-soiv.ng ais- 
ciphne. and students thus have a good deal of practice in 
solving homework problems m preparation for examina- 
tions. However, most students who take introductory 
physics wiU not, in the future, be called upon to make 
calculations. Instead, they will need to make informed 
evaluations of written statements, both formal and informal. 
The critical reading and correction of paragraphs containing 
errors thus has a place both in homework problems and on 
examinations. 



PauiG. Hewitt 

City College of San Francisco, San Francisco, California 94112 
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Not true: f THE BA6 

OF CLOTHESPINS HAS 
MORE AftASS, WHICH 
15 TO SAY HAS MORE 
INERTIA... IT WILLBE 
LESS RESPOMSIVETO 
6RAVITy ANDLA6 
BEHIND THE . 
SIN6LE PIN / 






THATSEASy/ THE &A6 
OF CU>TH£SPiNS 15 
HEAVIER, WHICH MEANS 
(SRAVITV PULLS ON IT 
WITH MORE FORCE. 
50THEBA6 OF PlN5 
WILL ACCELERATE 
,AORE AND HIT THE 
aROUND FIRST/ 




£o TH£SlM6LE 
PIN WILL HIT THE 
6l^UND FIRST/ 




Since the 5A6 has both a 
6reater wei6ht a^ipa6ream 
inertia, oneofsets the other/ 

f WEl6Hr V/wt.6in\ _ CL 

VMASS yLi'"'*^^^"^ 

THE ACCELERATION IS EQUAL FOR 
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You SAY you don't understand 

WHY SATELLITES ORBIT— WATCH THIS - 
TELL ME WHAT you SEE WHEN I DROP 

THIS ROCk 





IT FALLS STRAIGHT 
DOWN BECAUSE OF 
GRAVITY / 




Correct / Whem i do it again and 

W\OVE A^y HANiD EVEN FASTER WHEM 
I DROP IT, WHAT Poyou OBSERVE f 






TwOTHlMfiS: ( 
OBSERVE IT FALLS 
FARTHER DOWN 
RAM6E, AND IT 
TRACES A WIDER- 
CURVED PATH / 





I 6ET it/ ITWILL 
STILL BE FALLING, 
BUT DUE TO THE 
MATCHING CUR.VE 
OF THE EARTH, IT 
WILL FALL AROUND 

EAR.TH RATHER THAN 
D IT. IT WILL 5E 

EARTH s^^£Lu^e] 



^XCELLENJT/ Now WHERE \ 
WOULD IT LAND IF IT MOVES 
FAST ENOUGH SO THE CURVED 
PATH IT TRACES MATCHES THE 
CURVATURE OF THE EARTH ? 




ERIC 
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Children's dynamics 



KOGbR OSBORNL' 




Kiyftf J OttMine ii HfJrr in 
I'ht ifri Ihrrrtor of iht 

\tuntf t-Juttiutn Rttrarth 
I 'ml III thf Vmvffuty of 
hi/idihi //II tftfatih intftftu 
lift in uttncf KtiutoUort patut 
ttlatU I'ht lut eJurauttn. anjhtt 
ttrrrrni rvuauh fotutn on 
thilthrn'% nmrfpiiont tn in 
r»<r (l)fi>arimtnt of Phuin. 
rntirnih of WatkaUt ifamilton 



Itwionun dvmmit^ wnh iii lofjcal iliuvluies and lcavhin| sequence 
appeal Hiaithifuiwaid to karn. but lomchow H n not tven uniycfiity 
ph>»ci itudenli can have pioblemi with some of the moit banc ideai Conudei. 
fill CKaniple. that 77% of a |foup nf fiiil ycai unireiiily physivi iludenli could 
copr with itte lelalively compkx applied malhrmalKi laik of Question I of 
Fjt^lr I but only 61% of the ffoup cuuld coiievtly aniwri Queitiun 2 Why 
wduiti Queitiun 2. which inviilvei veiy lential and haiK ideji nevri\aiy foi even 
an elrihrntaiy undriitandmi of Newtonun dynaniui he »o dilficult foi itu 
lienii who have itudied phymi foi thiee yeaii'' 

A itu'^i ai.:lyMf of Question 2 shows that 28*^ of the iiudenli IN 1 20) 
ihdse an aniwei whuh iniludrd "the fuKC uf the hit" ai one uf the (<iKri 
aitini on the hall Such a viewpoint, sometimei latted impetui thruiy that a 
loovmg obfto neiessaiily hii i (one in it in the diieittun ul ihutiun ii lom 
ntun amongst students nf phyucs in many muntiirt. injudmi Fian t* Brit 
.in * and US* Oiti own studies in New Zealand* %hiiw thjt impetus like 
t>eltefs appeal tu actually increjie in populaiiiy duiing the janiui high sihonl 
yejK jnd aie veiy common amongst elementaiy tihixil tejihris It is inteiesting 
to note tl>al the impetus theniy wis held by some (>i.'ek and Medieval philosu 
pheis iniluding Calileo in his eaily wiitings. and the similjiily i>f the>e helirfs 
uvei icntuiies suggest that they jie a njtuul oiitiumc uf eireiienie wiih 
teiiestiiat motion * 

Iheie may eaist j whole system of (.on^eplions siiifoiindtng an iinpeius 
like belief in the beginning physi«.s student * Ceitainly t pjny of the ideas held by 
^nldien and students a bout fuKe jnj motiop aie i nleiielated and inteidepen d 
tOL Mowevti. as we shall discuss, they do nut foim anvthin. like ihe Io«k^ 
Hiu^.ttiie of mtetconnetled idei^ found in < Newtonun l»niiulitn)p 

rhtldien's ideas about foue jnd related topKs sikh j% liKtion^ jnd 
giaviiy.' suggest that cuminonly held non Newionun (.on(.i,-|>iion« ini.lude 



n><>ving body has a foice in it 
I l>e speed uf a body is caused by the force 
A strongei foice will completely ilnminjte j wrjkei IiMic 
All tbtngs fall down, hut heavy things fall td\Ust 
t ii< lion i\ S4<inething whu h only occiiis when things niuvr 
I IK lion increases with the speed of sliding 

lljiiieis" like table tops viop ob|eiis filling 
()l>)ei ts cjn lesisl sliding hei ause Ihey jie siiii k 
i h' stale nf lest i« f)indamenialty dillcieni fioiii thr «i jtc oi iiii>tion 
(iijvity increases with hei«hi ahuve the eailh 
If theie IS no an theie is no giavity 



loe above ideas aie also held by some adults and jre intjinly n<it unii^iie to 
ihildier Nevertheless in teiins ul teaching and teaming jt Ibe sihool level ii is 
uselul to colteitively desciibe these ru^iiuns fs pait of children s dyn amic^ " 
On ihe oihei hand, this is not meant lo imply that the 4b<»ve ideas aie held by all 
I hildien oi that any one thttd would hold them all llnwevei , they aie fiequently 

•Ihe baiis of an addieu t«i a S<iui>i Physks Tejcheis'( onlerence. Hamilion Ne* 7eat*Ad. 
fanuaiy. t984 
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Tiblr I 

A compiiison of two physics piobleim 
(best answeis (b) and ti ) lespciiivrly | 

1 Iheihiee foices t^ts c^^ ) 

Ft -sUa? 
F, «-7?* 2? 
?, «2?- 2? 
act concuiiently at the point 3 ? ♦ $ Ihe 
toique wilh lespeit to the point 27* S To 
(») 2rNm (h) 4t Nrn IcJ lOpNm 
<d) 12? Nm (e) 15^^ Nm 

2 A gulf hall is tiaveling thiuugh the an as shown 

A student states that there aie thiee loiiesnn the 
ball 

A Ihe foiie of giavity 

B the foice of the hit 

( the foiie of the an leststan^e 

In fait ti.; f'lice on the ball is made up of 
(a) A only (h) A and B only ^| A ai>d ( only 
(d} A. B. and ('only (e> B and ( only 



heaid when childien Ijik about force and motion fuiihei. 
chddien make statements which follow as a diirii lonsc 
qiience of ihesc Heas f-oi example, if a child who thinks 
that 'il theie is no an theie can he no giavity" is told that 
"there is no an on the moon" then it is not suipnstng that 
hr or she might assume lhat "theie is no giavity on the 
nif on ' this lattei view is held by some 44'{ uf I J yeai -old 
Itijoits m N> w Zealand 

Vaiinus studies have shown how dillicult it is to 
change the ideas that childien hold t'eitainly. oui own 
altenipts lo change Khool childiei s idejs about fnuc and 
mohon have yielded mived success and even being awaie uf 
the inliMlive ideas that iimveisity students hold ha« not 
enabled us to he entirely successful in oui leaching, as we 
have eiemphfied eailier 

Mini'lheofk-s 

How ilo children aiqniir "children's dynamus ""* 
( eiiainly il would appeal not to have been taughl tn them 
hui lathei thinugh eipeiienie and the use ol language ihey 
have geneiated their own theoiies as to how and why thing s 
behave as Ihey do ' 

It has been argued by ( latton'^ thai thiough leain 
ing about Ihe woild, fiom the d«y we aie hoin. we develop 
imm theories which apply to specific tiiuaiinns and help u< 
to n>ake preJictiont and decide on ceitain arUont Ihe 
Iheoiies may npeute at a si ** .mmiiois level of thinking, 
they need not be i/ticiilated. jnd can be used in a spon 
taneoiis and intuitive way I m eianiple a chdd lequnes a 
"iheoiy" ahoiit pmieilile (onlion il he ni the islosiuiess 
lully catch a bill, but it may he a theoiy he or she wu>itd 
he quite unconscious of jnd onaMe to articulate ^|ioi 
thcoiies also cnabk individiiih \<iJi\Ui 4fl£LWUsmL £21^ 



piovid e rxi>lanation i I oi thevc ibjng\ t<i ooiit the 
theoiies need to ^e Turned c«»i»scK>ii>ly ^nd Jilimialed in 
the I hild s devekiptng language 

( hildien jie not too inteiested in coherence between 
theoiie^and theiefoie mini theoiies might b< enpected to 
Vave » finite lange ol applicability and be con|t. >t 
3ependent ^ "Ciavity inci eases with height above the eaith" 
and "theie n no giatnty in space" can be two mini thciiiies 
without conflKt in » rhild's mind In lonliasi physicists 
have become incieasingly pieoccupied about tiiheicnce 
between theoiies and this has led to complea and abstract 
conceptions which aie fai lemoved fiuiit simple eapljna 
tionsof eveiyday phenomena 

C*hildien. like scientists, change mint theoiies when it 
IS expedient to do so CljRton aigues lhat eithei the theory 
Itself IS changed, which lesults in changes m piedtciinns 
actions. deKiipttons oi explanations. <n the set of sitiu 
tions. to which the theoi) is cunsideied to apply ts 
changed Such changes aie likely to be caused by incorrect 
piedKttons 01 actions, oi desciipttons oi explanations 
whnh «ie found not lu be useful (Jn ihe othei hand, 
theoiies aie letnfoiced when Ihey lead to piedutluns. 
actions, desciiptiuns. anu eaplinattuns cunsideied appru 
pitale and successful by the leainei 
Clusters of mini-theof ics 

We have so fai distinguished between what we hjve 
called "childien's dynamics" and "physicists' dynamics' a 
distinction between intuitive ideas futinulated by the child 
and ideas based on oui heiitage and cultuic Ifuwevei. it 
has been implied by Cfaxton that there may be twu distinc t 
^lusteis of minitheoires within "childien's dynamics" 
which could be called " j^ut dynaniKs " and " lay dynamic s " 
The thiee clusteis gut dynamics, lay dynamics jnd 
physicists' dynamics aie dtstmgutshjhk. jlihough 
piobabty not entiiely sepaiable 

(iui dynamtci fcinslein is leputed to have stated that even 
a physicist kains half his or hei fihysus by the age of Ihiee 
Much of this IS dynamics, and it <s largely gul dynaniiis " 
Thiough liial and eirur this learning occurs in the hume and 
IS base*< on diiect expeiience lathei than langiiage Ihe 
active effoits made at a y<iung age to vfimpieliend Ihe 
wmtd enable chddien to make predicti<ms about whjt will 
happen, foi exampk tu an <ibjeit tinown fiuin the high 
chati Ol kaked along the kitchen Ikhii < iut dynamics is 
about the tanybk wuild and influences motor skilU and 
perception This peiteption can he quite diffcieni lr<iii) Ihe 
reahty staring one in the fate, e g , ttie shape of the patii M 
a pioK^^I'le 

The vollectNm of mint theories cimstituimg "gut, 
^dynamics" tend to be unailiculated and not i< e%saiiiy 
CO.IKIOUS Rathei they ale shown in a peison i .ineoit s 
leacl'ons and intuitive judgments and tested dyes 
it woik" and "is it useful " * (lut dynamics piovides the 
mdtviduat With the ability to inleiact pliystcally wi|h the 
woitd whether it he fui work or pleasure Spoit <s largely 
played using ' gut dynamics " 

f'xan>p|es of gut dynanms fui many people would 
include, heavy th.ngs fall Ijstest. things nre<l a puvb to get 
them going, you have to keep pushing to keep things 
moving, lubbtng causes things to heat up jod wear uul 

Language is veiy much second place to expeiience in 
teims of gul dynamics, hut wheie ii is invi>lved it is the 
eveiyday spoken language of the i»min>inity. eg "hit the 
ballclosei tnthe topof the bat and it will not jar so much ' 
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tai ./wMHiits Vnhlv pit tiynjtiiits whtth » hj»r«l on 
(itic-tl r«rr*it ntc- U> JynamK» b t, .<! m ihc foim jnJ 
mnlcMl «H ltl«r tjninmc |hc t hilJ gmw^ un lo ipcak and l he 
attotinit anj iitiafrt of r xpciicnvci (tintryrJ hy thow with 
»htito iht ihtiti iomrs in toiiati ihr iiir«lij. jnj the 
jti|h««i> of Ihr h«Hili% he «ti >hc leads { lixinn aiKno ih«l 
ihrx- idrj\ ntjy K- JLt.r|Mrd p«Mivc-|y XKhi un^rrn ntd 
fiidtully. v» lltai Ihr child may kiow u|t noi rvm irah/iiig 
Ihji ihr> air Ihrir Ihr wrailh o( vniul and vrihilinfm 
ntjlion ihji Ihr avrugr ihttd ici.rtvr> loi r«jtii|>lr hum 

Slji «ats jnd "Spatr Invjdris" invttlvini: fiMic firld» «n<< 
iMiir «aips NASA puloirs ami 'that i inurdihk' tn 
vohitut «kc-ifhllr>. aslionaui% and (rati ol maKU pio 
vitirt hitn oi tin with a iiiHrd-iip stuir of laii fanijiy jnd 
twin I t<Uti d to «|ynji>iii \ I hi% slotr » guilr rxirnsivr r vrn 
hrt'Mr ihr %htld ir^ihri Mhoul and nuy bv hrUt quiir 
tntlc-|H init nll> «tl fot tlynamiis ' a»d n«ii trljiiJ im iI 

I «jfiiplrs «il lay «lynamK> wunid hr Ih.- idra ihji 

j\(i«itijiil\ jit wrtKhllrw m tht ipair ilniiiU-" (NASA 
|<ii(itir\l ihI iritiuf) fiulion jnd hriur iidtur» wrai 
f IV ji|v« ili^rntriill >|>j<r luvrl ir>|iHii \ p<i«itf iil rn|etnr» 
jl jl| liinrx (Slit Wai»l ihr lour ««f ihr i «|>|otion (.an 
hi %crn in idr djutaitr" (Nr»sl and Ihr lour lirld krpi 
hiui 4IUI (Mirnvr luiion \<oty1 

I jy dynintm pnnrnlr> an indi%id.ial »tlh knowfr dfi. 
Htjt tan u\mI id pro»idr rnirtlaining vonvrisalwin 
^l«i wr»ri,>t noTlitlk |»| j\lnal mc m iriin \T>f dcuny itiinji 

/7iMiiii/i {Jiftamm In ihr >i.hiH>l Mllin| pltytutils 
(t>ttjiuii\ IS piiiiijiily Nrwinnun dynjiiti^v || jpi>raii |m 
iiijn> hr|[iiiniiiK piiy%iv» \lodrnl> l<i apply l«t a %Mjnfr 
woiM of liM«4M>lrx\ ilnpi\ and f»«i|lry> tinilnim fijvita 
iMtiil iirld\ jtid poinl ii«a\%c» jnd iifitl lifihl mdi and 
Mi.i\\lrx\ iiiin|[\ (il iiiuidiiti irntKin I vrn iit Ihr Ijboijioty 
jK itj<L\ Jii |jhlr\ jnd an pullryt imply jn aifrmpl lo 
ili-iiiiii)\lij|( MiiiK ljnia\> w4tiM \rl jpjit llditi ir jltl> 

While |:«<l d>iijitM(» liuildt on c-xpriirntr jnd ljy 
4lti>jiitii\ htiild\ on rviiydjy ljngiij|e« ph>>m>|> dynjMt 
lij\ J liinitit\|u jnd iD al hriMjin al >ii pri>UtK nnr of it> 
own * tnicliiitv\ ti t\ niim ; ci tn|>nit»r. lo i r«jittptr a «ai 
liiotin|[ Jl J \l( Jd> \pri.d Jfoiind J hkiiIji pjth i% jmUi 
j|ii>|[ jnil IliK poitii i\ iiol ofH'n Ici 4pu>|ion i hf knowl 
tdirr i\ jiliiiihui! iim\iioii»lv jnd dcliht tjli |y tfjn>nitl 
I.. I jn.l «r,.i*r.1 jnd il ».r»irt>' hkI Iuimis a htthiv . 
In ictu M.< ol idf j > A %aiijhk ai»ciiinl ol ai Itvr and >rlf 
diiiilid I «pi iiinrHljlitin n p«)»vthlr hiil llir i «pi iiri>i,r» 
mIiiii ihkI lit \how Ihr iitiHUItftni til ihr mIuIim-iI Ihroitrs 
ittltii iltJM ptiiviilinit MipiHitlinie rvidinii tni ilini n^rliil 
tt< \\ I «jitipi4 » ol phy»u»l\ dynjiniiv lo lonltjvi wtlh Ihr 
f»t jihI Ijy dyiijinu% dtiiit\%r«l rjiliti iiti Indi jII fiiily 
l^lltii|t lliii>|c\ jviilrrair ImwjmK ihr iJilh jl 9 K im% ' 
jn<«li|«<i mottnit ji a \irjd\ \prt«l hj^ no tu Mi >f i r ji Iiiik 
oil II jn<l III! loicf III lEiavtIv jiU i>i> Iht jtKiinjul in 
otliti j((4 lrijli<i|[ htm Ol hi I lowatii itti ^miu of ihr 
t itih 

liilr|(ralN>n of cliisicrN 

All individMjK hjvr jt luxl iwn ilii«l<t\ of mini 
lliiMlu^ |lil| dynjni«t\ JO«l |jy ilynjiou \ lomivvi \lu 
ill ni\ ol phy>t(\ omloiiliirillv lijvi< ih-n ilii»lii\ of mini 
Ihioiitx tjth diitttd lioiit A tlilliirni Irjiniitit hju Do 
ihiM %|(tdt'nl\ iMliftJir Ihrii gol Ijy jnj phyMi»l» 
ilynjiniis into a tulturnl inlriir|j|<d wholt ' Mm h ol ihr 
iisrjfih ulrd rjtliti %ii|tfr»it ihji iiijiiy «lg noi Mjiiy 
<rj\on\ < jt> Ik piti loiwjnl lot ihn 



Mjny >li)d> nu do no | jppictiJlc thai Ihc aim <ii ii, 
nii'nlji> dynaimo toui>t> i> lo pnnridr thrni yT tth oi 
a»rinjlt»c ^ontrpi nattf Jlion In |ut dyiuniKj u\im^', 
lanfojtr diff«.irnl liom Ihc jjnguagr of lay dyna mux 
Kaihci Ihr) simply atxntir lhal Ihv iraihri is liyit)|t7o~ 
hrip thcni m:c vonnrvlii>n> hclwrrn thru gul and lj\ 
ilynjinio jihI lo hrIp Ihrm v <|itr>» thru |tu| dynjntu^ 
iiiiiir V llr^livriy Onr rvi n »M\pr(l» Ihjl somr rkitu oij 
ty M hool irjvhri> ait iindri il.t» vaiiir iitivaptiirhrnMon 
Ihr jppjirni iniKa>r in |Ki|>ii>jiiiy of iinpeius-likr tdtji, 
Ihtotiich |Mnh>i ht|(h ulioid iiijy >iinply irfirvt lhai ihi 
piipiK hjvr hriomr nioic lluviil ji i xpirsMng ihrii itm 
dynjiiii>» 

Mjny piipiK undonbirdl) do diwlop j »rl of "physuisl 
dynjiiik» inim lhroiii% whuli ciuhU Ihrin In opculi 
m Ihr idrjli/vd wuild ol llir lahotjimy 'rxpriimrni 
jnil ihr phytiis r«jiiiinj|ion pjpri llowrtri . ihry ullrn 
do noi irtair lhi> j>pr(l t>l p h>»K i>l>' dynj.niu^" i< t 
Ihrii jol and lay dynaiino in jn> >cn\iblr wiy i> ihry 
str no nrrd In ilo lhi\ (*iit dynaiiiiis rnahirs onr In 
play iir hinkry. lay d>njmH» rnah!r» onr lu talk ahuui 
Slai Wj|», whilr phy»iki»l% dynamio rnahirs onr tu du 
phyMi.> asMftnmrnts Tiirir i» nu ptubkin' 
To Ihink ihiough diHrirni a^pcvls ol £*Jt,iay. and phy»i 
cists' dyna mite whcir Ihry h r applwd In Ihr lam'r' *' 
tilualions w lhal a tohrirnt anT mictfaird tkw of ' 
dynjmus is stoicd in mrniniy tan he a Ihrrai. lo one's 
tin (I mi|ht IjiI). lo ^uiirnlly utrlnl knuwlcdgr sliuc 
Inirs (il ninhl mm lalhri ihan help my game of ic c 
Itoikry) Ol It may simply annoy fnrnds and family 
(Mom dorsn't undculjiid il _ | jalk tikr qui physi cs 
irai hrij " 



Prihjf>%. ihiirfotr m i% not %o onpminit Ihjl (oi 
many »liiiliiii» thru |t>ii jiid lay dyfij>iii%» Jir iiol drvrlop 
rd Ihiouteh thru phy»i«» %oiir\(\ in UMfiil wjys nm atr 
lhr> iilJird lo whjl liny jtc Uiijtlil iii ihr physio \Ij%» 

lOOIIt 

Aliernative amis for leacliiiig dynamics 

Ihr pirvli>iis diM,ii\«ioi> ludx ii\ lo loti^tdri whji 
should hr oiii jiiM\ lot llir lij«l .tf. ol d>iijitiii\ ^l llir 
%iht>o| level ( Ijiion intpiiix wr jii f^icd wilh two in 
lompjliMr jliritijlivrs 

1 lo Irjih propli 'pli>)iii\|\ d>njitiii\ j\ j nrw |jn 
f(njf(i jiid vomrpliuh/jlion willioiii jlinnptinK lo link 
Il lo lenl jnd ijy dyiUHiitx 

2 lo lirip ihildtin drtrlnp ihcii jhilily lo itukr pinlii 
lions, prtfoiiit jtliitnv ili m i iht atid i < plain iiKklioit jml 
|}«r i,au\r» of Ihjl iiiolinn j\ it ii ljii» lo ihrtt witild 

In nihri woid> i\ itu jihi of dynjitiu> Kji,hinc lo 



?ini,uli,jlr thiidun inlu j nr^ Ijngojgr jnd tonMpltij Ii T 
gallon wilhiliil irgaid' lin Ihrii Dn^tni td^ J%. oi >v if lo ■ 
^ hrfp t-hildirn mjkr hclii i \r n\ t <tf llic ^oild in whiih Ihry * 
cuiirnily lind llirm til»r\' l\ il lo inipov ph>\iii»l\ 
dynjniio o| in drvrhtp jml |jy il>njii>iv» lowjid j 
oti.r I ohrKnl jnd it^i Itil virwpoinl ' 

I rl lis ^onMitci I Ai h ol IhcM jlir nulivi \ 
trarhittg vhiiitiiii' ill namiti itJihioit phyM(.i»l\ <f>njtii 
n.i iiiM«lvr\ J virw llui p|>>xiti\i\ a>njttiit\ i» nfltl jikI 
any jliciojiitr vi*wtHitni iv Mtnply wit>nit" oi ji KjnI a 
niiuiinirplioii Snili ii>i\^oiiii pliot>\ jn hoi i|tooi«d >inic 
f >ra^htnKain> ts i>o| lodivrlopMu jtiiiiaiy vohrirni,r 
III rffn livrnr\% of ihr (.hdil % rvtiy«|jy tn^ounlri^ wtlh 
I aliiii t>oi lo tirtrlop ht\ oi liri ljn|[iij|ef in whuh t «prii 
rntrshjsidoii ilu»i. « miiiinhis un hi jilitulaird Kalhri 
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jttti IS simply lo rflrii iian»tiii%Mtm ol j ImkI) ol 
liLiMlniyc ixilaird fioiii antf indrprndrni ol piioit<|»<ii 
,11.1 jt>d ute ol languagr Indrrd. i«laiiiig Ihr idraN htio|t 
ijuitbl I" c»riyday rxanipirs and analogirt. an' m Ihr 

, ,„Hn usr of languagr. may hiiidri lalhri llun hrlp. 

omr II will "call up" unwanird asprvis of gul and lay 
dynamics llnfoitunalrly. thr piohlnii wiih lht> appioavh is 
thjl (.hiidicn nrcessaiiiy bung thru gut and lay dynaimvs 
lo Ihc physKS Irssun (^ildtrn iannul absoih nrw meanings 
hill van only consliULl idras in Ihrit own hrad> on Ihr basts 
of what Ihcy Xnow alirady A vhild > |til and lay dynjmus 
jir used lo vonsliuvt mranings, whrlhri we iikr il oi not. 
jnd so whal is taughi van ofirn br niisiniripirird tii Irinis 
of Ihri? altrinative Lonvrpimns Whilr biiiiird svhuui 
suvcrt. can br gamrd hy lotr Iraining foinidas. Ihr lavk nl 
mramnsful undrntanding van Irad lu an inabiiily lo 
apply the knowlrdgr lu Ihr solving ol rvrn Ihr siiiipirst 
piob'rmi Thai somr univrisily siiidrnu conlinnr lu apply 
thru uninnurncr<1 gut dynamivs. albril dir>st.d up in ihr 
Unguage of I* ^d physivisis dynainivs. tn piohlrms 
irquiiing phy>f dynamiv suf^rsls lhat Ihr Iravhing 
physicists' dynamici" appioavh has brvn rvrn Irss su^cru 
ful than wr might have lhou«h: 

Dtrehpin^ rraf world idtts about Jrnamics Ihr aim hrir 
IS to hrip childirn bellri undrisland Ihtrti pirsrni idrtts 
Ihr irialKinship belwrcn those idras and how Ihrsc idtas 
van be modified and drveioped lo impiovc irai woiid pir 
diclion. aciion. drKiipllon, and rxplanalinn Ihr idra is lo 
hrio I vhild tuwaid a L<iheirnl inlrftaird and iisrirl 
nod" of knowirdgr by awrpiing as a stailinf iHiini ihr 
child's pt'\ci*t idras 

Thr piobirm wiih thr "drvrloping iral woild ideas' 
appinivh IS thai ravh child livrs wllh his oi hri own imni 
throiyAlustris of gul. la) . and physicisis' dynamics and Ihr 
individual vainlinf. vhaflrnging. and modifying of virws is 
vlrail> inipiavtival wilh laigr vlassrs In addition, niosi 
syllabiisrs and rxaminalinns atr iiol drsignrd wiih Ihis aim 
ol Irjvhmg dynatnivs m mind I xatnmalion papris simply 
assrss how niuvh physivisis' dynaiiiivk (s known and iDust 
exammrn air mil cnnvrinrd ahoul llir slair of a vhild s 
gul and lay dynamivs and whrlhri ol nni Ihry air 
cuhrirnlly linkrd lo physivisis' dynamus Prihaps in Ihis 
iricatd Q 2 uf Tablr I may br vunsidrird an unfaii qiirsiiun 
sinvr It allrmpts lo rvilualr sUvh link jgrs< 

Whiih of Ihr abnvr two ai ns is adopted by irjvheis 
ai pirseni'' <)ui rxperirnvc of waiv hing les sons on dynaniiv s 
al Ihr rlrnirntaiy uhool lr»ri suggrsls lhal thr irain ing 
rnviioninrnt at ihii Irvrl is ofIrn a sliangr mixiuir uf 
mainly itiil dynannts fiom pupils, injtniy |jy dynamivs 
lioiii Ihr tra\hri. and sirnphfird physiiitis dynamns fioni 
Ihr ailiuiilum drvrlo|>ri lKi|t 1) Hiulttiihtrdly piimaiy 
trailirix would likr lo drvrlop in vlnlditn iral woild idras 
ahoul ilynatiiics bnl ihry aic nrilhvi awair of vhildirn's 
pirxrni nlras ui hitw ihry i«i li\'\i he drvrluprd Tliry 
irtrivr liillr useful ftiidanvr tn litis foir«jinplr a^livilirs 
firqurnlly snggrsird invulvr vhildirn in lolllitK hall braiings 
jiiois ilrtks. Ol slidiiif blotks down i>lanrs Stuh rxprii 
rnirs air familiat lo all vhiMicn and niiitplrlvfy miri 
pirlahir in trims of i hildirn's Kul dyn aiitu > 

As a vonsrqurmr il is niti siiipiiMnie llul vhildirn jir 
Irfi Wllh a frrling lhal Ira^hris air *mi>|i|j liyitij to hrlp 
ihrm irtair a lantuatr (o th^it^ ui dynatuKs . 

Al Ihr jiintoi srntndaiy mIii>o1 lr«cl llirn it a widr 
unfr ol ira(hii>|i llowrvci it in tiMially lu^rd on llir 
"ira^hmn phyutisU' dynaiiutv jppiojtli Jinl ooi vvidtiur 
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F% I Tbr rkmcfiuiy xAool kvnini enruonmcnl may be a 
aliBitte mUlutf 



would sufgrst thai this u laigrly unsticvruful foi thr 
trasons discuued railiei 

At the lentof aecondaiy Khod Irvrl "irachmg physi 
cuts' dynamKS" approach and "devetoping iral woild idras 
about dynamics" shouM be compatible if eaily irachmg has 
been appiopfiate llnfoitunately. students entriing Ihis 
level of education at present scrm lo have fiimiy establish 
rd Idras btKd on gut and by dynamics whKh aie slitl 
quite diffrieni fiom am* incompatible with ideas baMd on 
physicnis* dynamics If we, as leacheis of Knwi physics. 
Iry even haidei to encouiage leal undrisiandmg of physi 
cisis' dynamics, pupils can lepoil thai Ihry aie finding 
physKs more lathri than ku diffivult Tn iriirai mlo a 
woild of appbed mathematics, of lecall and subsiitution 
problrms involvrnf al|rbfaK and numrrical mampufaiion 
piovidrs a haven foi pupils, leacheis, and examiners in an 
uthetwisc fiighlenmg woifd of misundeislandings and 
mismleipielaltoni f-uilhei. il is a woild whi« h utmr of oui 
hesi students seem happiest m. whrir Ihry van rxcrl tn 
irrms of pirseni astrsfmrni mrvhanisms Wr as travhrisair 
caught in Ihe niiddir of a conf^ivt nf drstirs as wr want to 
do Ihr brst f. . oui piipds hnlh in llir sholl and lung trim 

Wlul thouM we do? 

I would aigue lhat i hr teaching of dynamivs musi 
brtin a I an raify agr Wit hout traching. pupils develop iheit 
gilt and lay dynamics m ways which are mflrxiblr. Iimiird 
and mappiopiutr for Ihe uvriall brsi pirdMion. action, 
druiiplion and riplanation in ihe iral woild ni foi sub 
sequrni Irarnmg nf "physivisis' dynamivs " To aigur lhal 
thr traching of dynimivs should begin raily is nnl. how 
evei. tn aigur foi Ihr iravhing nf physivisis' dynamivs 
Ralhri ihr Iravhing of dynamivs fiom agr $ lo say agr IS_ 
should hrlp devrtop. vha Hrnge. and rxtrnd got |nd 
dynamics in suvh wayt thai it helps ma kr brUri sense of . 
the woild and in suvh ways lhal Ihe foinialt^r d alt^^>iii^ 
jonvcphons piowd ed m Ihe senioi high svhool will find • 
nieaninifut and valued ptove. What is leuuiied is a smonas 
boaid ol expeiirnves and det)jlc w hivh vhalleinc an d 

modify gul dynamivs^ as well as vlanly ifn^yail^QlJ its 

£u ipose nf lan|uage and disiin ginsh lav i fio m f anrasy m 
leims of lay dyn amivs Moienvei. ihe expeiienves and 
disvuttinn should piuvide seeds i>f alicinalive vnnveplitms 
upon which ihe later leavhmi; of pliysitisis' dynamics tan 
he fiimly based Somejtossibihlie* aie given in fa hle I I 

Ihis veilamly does nul mean ihe piohlvms ouilmed 
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T*We II 

Suftrflinm roi devtlopm« |u( and lay dymmici 
in Ihe tunioi achool 

ttpctunfet til dt*ttop tut dvnamtcs Uilmnrs «nd 
lliinktiig) 

pUying with «n «>i li«a «ii t«hk m nihri nrji 
fiitlionlcis si)if«<.e 

pbyini with Ihe monkey «nj ihr hunlri ' 
ntrjiutini ihe ih«ngin| speeds *nd/oi pjlhs i)f 
tiiuvmf <.h)etls. e | . ptojeililes w)lh sli<»hr phoio 
fupht i«is luUmi diiwn slupes wiih iimei 
leehncihe foK^of I N. 10 N. 100 N 
waUhinf 4nd dts<.ussinft things r«nin| in «n cvjiu 
«led iiUss lube 

Hteasufini ihe ftiue lequiied lo slide vjnuiis 

uhjeiis «»lh « sptini bjbnir 

nhseivim disUiilhms of the siippoil js hc*vy 

<»h)eils Jir pljied im beams and Ubfrs 

obtrfvinii *nd dijwmi whjl happens vhen j whifl 

ing bjP un Ihe end of j sliing is lei go 

meisuting ihe lenliipei*! pull on $4>melhing lo 

keep >l moving in t nulc. ufmg a spiing balance 

ttpcncncrs tn dfvfl„p lay dynamics (language and 
disiiissiunl 

iNoLiiing ti^t f,o„, f,„,„y "ovcuommg 
ineiiia " ' fftue hiinris") 

learning wn„U * diffeienl .«ieanings in diffeieni 
i<>nie«ls(eg fof.e weighllessness) 
lejining lo quafif/ wnuh suih as fiHlinn (' foue 
ol liKiiitn" fiom ' hiji due lf> fiKiion") 
lejining of differemei belween woids le g . pirs 
Miie ffuin loi.e, foue fium niomenlum den»i|y 
linni weighi) 

wHinieiing f.,lkloie (e g , people weai heavy bools 
<»n Ihe Miuon Mnie Iheie n nogiavuy) 
,.o»iilenng images rioin mcme huion (eg 
s|>a.e.iaf| .»iovc iieadiiy |hiui:gh spj.e wilh 
eng«ne% fiilltm) 

dMiingiiiihing np<.t, of giavily (eg "$pccd of 
fill fioin • pull iif giavily 'J 
l"»kiog al ijiisf and effeil (e g , exnleme of au 
doeiti I piniliKe graviiy) 

lejining Jef,„f ^„,,^ 

«i»-«e lu dMiale. bul foi stieme deln.ili.ms aie 
neieiviiy 

m. ...mrin of Ihe lejthe, of Ibe mlindu. lo«y physKs 
li»M ill jppicuJlinn <rf Ihe e^sieme and iinpoflame of 
Kill in.l Ijy dynaiiiKi ^huiiM mfhieme whil k u^ghi even 
m ...|«g. phy$H% Bnlh f.„ p,ov„Jmg a fiim loimdat.on 
to. (..l.iM learning ,n physu,. « well is l«, g.vmg ,,„p,|, 
-» ippie.uiion of Ihe ieleva„,r ..1 physks U, ihcir woild 
* veoMliHly lo physK, sludenis .deal i^ tmp.»ilanl PisiUs 
v|..n» Ml u«v on aspeus of gul and lay dynimKV and how 
•fry lelale lo, and lan be dilfeieni li...n. physicists 
.lvnjiim,»$,,„ ,,y e,p^„P„,P well spent evinatthe 

"niveisiiy levei |„ g„c.t,on» ,n physus 

r.-miniiio„» .huh cKplo.e h..w gut and lay dy„i,r. , 
hrrn ,eloped by pupiK ami integiated wilh physi 
•Mv dyn^i hwi of vih.r b.Hh to piip,|$ ,nd joueiy 

. »e^^hci> ol tunmi uieme and ptinuiv ouniU 

yeJ III the ^upfwm and tmdan^ .*n jiiljjt^ 

li!i-!iiill£iiofrh»1.i Wlinr the lo.al tci.he, of phy.Ks 
.V enlhosiisl.. about developing ,d.a$ in dyni.nio at the 
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tiinioi |,v,K liiliu ihiii |<M>|H>Mii|: Hut no dynj,,,,,, 

physKisJi .lynjiiii.t lu Unchl jt ihim- kviK ^, 
willpitispei lli>w iJM ihi tijihu ol phyiks h» |p • i , , 
give two MiggViiton\ JM ^jiiiPkN f|(Mn lable ]] " 
Oci-flortn^ t ut di nt^niit a n . ^cmj>lf \ it,^hei ol p|,).,. 
who ionudeis thai dynjnnrrv>»^uld'"t>e laiight <tnly i„ ,|*, 
^ini.»i >ihoo» jiid who vciv no potitl in develo|Mng jJ,, 
l*y oynjMiKS IS not UUiy to jilow thi jti tiaU to h. um!| 
by innHM ditset Alia j|l not only mtght it gri hi„l .„ |,',| 
Ihe novelty i» likely to hav. «oin olf hy the tune Ihe pu,.»|, 
get t<» phyjHS UasMJ (hi ihi oilici hjnd. j tejili,, „i 
phy»Ki who aiknow|,d,,es th. impoitame ol eil.ndinlr 
and ihiHenginggiil dynJniKwiuy wclfappieujie thi vj|,„ 
of pioviding even veiy >oiing , hildien wilh endless opp.^ 
lunities to pljy with jn Jti tu.k jii tjble. oi othei In, 
lionless deviies 

pevtloptng lay dynamnt an rxamfc It lould well bi 
Jigued that mipeliisbke Iheiuies arise in pait beiause of j 
wmaniK piohleni Ihe ion. ept of ' momtntum" i^ j 
lenlial aspeit ol gul dynjiiii,. bul il hmnnes inioiieiHy 
labeled as a fane as j lonnqiume of e»eiyday language 
(l*y dynamKs) It i an bt aiguidfiJl lu develop gut an I |j) 
dynjiHks luwaid>physi.Mk »ly"Jiiir.» involves imioduuni 
the teini numzntum In ihiMnn jI . i, |jtiv,|y young agi 
and lalei distinguishing ii liom Net foue ihanget 

luomenlum Ih,si- ideas foim Ihe bjin „f jn jppioaih lu 
dynamks in Ihe jimuii M.tio<i| wln.h li,ve tiied. and 
maJe jvailjblc i.» junioi high uhool lu.hei* II.,wevii 
again wilhoiil ihv wppoil jii.l jppitujiion by the teithci 
"f physhs of whit IS bung jttuitpl.d liilk innovation i» 
likely to otiui 

C one lu lion 

let nic piiipim ihiei jitionjbk piojtih loi you js 
Ihe teaihei of phyiki in yoni uboot Jiej f.ti this yeai 
"?"»tiu^lt"n of an jii lug mlo y ui Los*l pnuia iy 
sthooi 01 kindeigailen Ihe , i.niid. uii.m of" inoineulum" 
as a lontcpt to be (aiighl ;it ihi mUiiiieduU and/oi jiinioi 
seiondjiy u,^^»^A levU. and the inUihum in yoiii senmi 

Phyvks exanitnjti.in of vnuc quest i to iheik on Ihe 

development ol gut and fj> d>iijmHi jnd Iiow wefl they 
-ic iiitegiiitd wilh phyihuls d>njinks \x kail it will be 
a beginning 
Refeieneei 

1 I VKnm.i. ' Spimidneous lejMminr in ekmentjiv dvfum 
us. furopcanJ $u Id I 20S 220 tl'>79» 
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Teachei and student have now neaily completed 
investigations into those otheiwise unpublished uses of the 
I B('RT Ind Its llefmholtz lOtts which oui student, 
wilh his neieuaiily limited knowledge in the lelevani 
fields of theotetical i id expetimental physus. cm pioflll- 
biy puiiue Tlieie lemain Ihiee veiy inleiesiing and didic< 
lically woith while lines of enquiiy. of which two weie 
followed in the aclmliei desciibed below. Ihe third lo be 
examined ma latei. final session 

Ttathtr We have spent a good deal of Itme eiamtnmt 
what I witl call Ihe dynamk piopeilies of Ihe 
beam the election sticim made visible by Ihe 
excilalion of helium gai in Ihe plesence of 
eleiliomagnetic and elecifostaltt. fields Now I 
would tike you lo spend a little moie time m 
eianimmg Ihe naluje of Ihe manlle. and in 
finding, if you can. the spectial content of Ihe 
glow whiih lights up both beam and mantle 

Siudtni OK I II probably need a louple of lab ses> - i 
to woik thii nut. and Ihen I'll lepoil back with 
a wflte up. and begin asking you queslKini 

t ater Tht uudmt't wiie up 

{ 1 1 Ftopvtirt of the mantle 

(a) I began investit'Hons with the llelmhollz lOils 
stilt having then magnetu axis along Ihe liansveise beam 
line bill wilh no (.oil cuifeni flowing On lutnmg up Ihe 
anode voltage I nolked that Ihe gieen glow vofume sui 
loundmg the spike" always had a definite, chaiicteiislic. 
and bejiitiful geomelik foim. widest al its base and tipei 
mg. in the nunnet oi a t.one. to a tip. but with a leaf foim 
lalhei lhan ttiangulai axial seilion It is possible lo propa 
gaie this lesltkled beam a litlle beyond Ibe spike lip. bul 
the lolitui of this extension diffeii fiom the geneial glow 
by being pinkish, suggestive of the tohiiii of an exctled 
helium speiiial lube, and the bejm spieads out The 
nunlle iloes not extend beyond tlie tip of the spike in these 
iiKiiiiistanies (I ig 1 1 

I iledike that, up to the piimaiy (onis point m Ihts 
resliiited beam, theietsa suffuient bul giadiiatty dimmish 
mg supply of eleLlions having enough eneigy to pioduie 
Ihe neietsaiy hetium atom lonisat tn It is the landom 
St Jlleitng of eneigelk eleitions fiooi the i»atn bejni path 
by both elittu and inelaslk lolhtions with helium atot 
that It, JI leatt in pail I believe iest>«»nt«bte foi Ihe visible 
minile |i is (he umse<)iienl jnd meviNbk giaotul de 
iieave in llie intenstly t»f Ibis stalleied ekilion thowei 
with lt^ piogiesi along the bcjiii thjl detettttinet ihi 




F|| I. iVpret fhotogiapli. long cipo«wt« ) The green glow irohima 
nnowMl^4 tbc "ipAc" alwaya has a deflnlie. diaraciciiaiic. ami 
beautiful geomelik form 

(Lowet piMlogftph, ihoil exposuie) Il k possible lu drive ihc 
lestiktcd beam a Ullle beyond Ibe sptke tip. bul Ihe loloui of Ihe 
extemlon beeomes pinkish. «albet like the helium specltti lubc 
colour 



geomehk form ol tins manlle But I afso believe ihal a 
large proporlum ul Ihe mantle's glow arises froiu the 
"handing on," <»ulwards from helium atom to helium 
atom, of the ^peitrai lomptments of Ihe piimaiy glow of 
Ihe beam itself 

Beyond Ihe foius pomi (Ihe <»nly f<kus pt»inl in Ihii 
lestricted beam laset Ihe \urvtving eletlrMn> whkh remain 
m Ihe beam path have miiiffuienl energy lo innue helium 
atoms, and iitllmatety at Ihe end of this limited visible 
pjlh to exiile atoms al afl In ibis iborl be)(ind foius 
pink loluured beam, the range of remaining electron 
energies |termiti exulahon ol Ihe lieliiim a^oiiM l<i a vaiiely 
of levels, with iontetpient emisMon of fjintltjr heliiHii spei 
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IMUODUCTION 

SciciK-c for elenientaiy school grades K-6 varies some- 
v.h.ii in content from one textbook scries to another, but it 
is r.uil) common that 40-60ro of the material covered is 
cliu'CtI) related to physics. These texts suggest that certain 
Ic.uning activities such as experiments, demonstrations, 
aiul ob>crvations be carried out by the teacher and the 
cl.isN Ofien the apparatus for a learning activity is to be 
coiiNtiucted from simple, readily available materials. The 
t^pIo!^•!cmcnta^> school te.icherhas had iittle experience 
in pciforniii^ experiments and is often frustrated m 
liiN IkT attempt, at carr> in- out the sug^^^vt^ J learning ac- 
tisi(\ Tom.ct t!iib ne.J we ha\e de\elof..1 a ph>sJCdl sci- 
CMw- woikbhnp f^.it !N ..i.ideMvailabIc to teachers who are 
rctuifiuu tu th;. u.'ii'.^oit) for adtlitiunal tiaining. 

Ihfb coui.c ib bts^J upv>fj the assumption* that must 
elcnu'Mtar) teacheis ha^e had little or no physics and lack 
tlu- competence and confidence to carry out an activity. 
O! icntcd science progi am, that most experiments should be 
cajiieJ out using readily available and easily constructed 
niaivriaK. that skill in using hand tools is needed b> mo>t 
tc u Iki>. and that teachers who learn in an activity-orient 
eil course are better prepared to teach in that mode. 

IX)U.M.VT 

1 he cLi'sS IS conducted in an informal workshop format 
\\\ which each student works on her (since most partici- 
pan(> arc females, we choose to use the feminine gender) 
ow n apparatus and does the experiments indiv idually The 
lah par ner arrangement IS not uscdsuucth t lends to pro- 
due;- one "doer" and one "watcher " The course requires a 
total of 60 hours of participaiion. and pa.uJpants ma> 
rc*. iVve up to four semester hours of cr^dii tu^ard a mas- 
ters degree in education The enetg> output ofllie msiruc- 
toi is \or> high, and the number of students per instructor 
should be limited to about twelve, although, we have sue- 
cesstully team taught sections as large as fifty by using four 
uutiuctots. The instructor conducts demonstration ex- 
I nuenf s. pre-lab and post-lab explanations, and is other- 
wisc constantly mvoKed in explaining concepts to individ- 
ual p.iiti-'inants. The experiments can be divided into three 
typcN (1) directed experiments brief in duration, during 
uhieh the instructor explains the results observed and 
helps the students understand what is observed (much of 
Unit I IS of this type); (2) experiments carried out by the 
students and discussed in a post-lab session (Units H, V, 
ttiul VI contain the best examples of these experiments)! 
mul (3) observation of phenomena utilizing easily contruct- 
t\ 01 readily available materials where data are not taken 
but the phenomenon is observed and described (Sec. HI is 
the puicst example of this type). Some of the sections mix 
all three approaches 

The course has been taught in several different time ar- 
rangements including c le evening per week for an entire 
semester, two evenings per week for eight weeks during a 
fCi;ular semester, as a six-week summer course and as a 
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thrce-week summer course Each arrancrTcn: r > . 
advant:iges and dr,advantages. The first h^o h:^-: .hV 
vantages that the participant can put the matvTi.i! -r 
diatc use in her classroom and ha\e the instant re-s j' 
seeing the childieirs responses. One disads ant.'=:. is 
both the pai ticipants and the instructor are tired af .7 
mg worked all day, and this fatigue tends to limit c-;;; . 
asm A second disadvantage is that all materials :iiu. ^ 
brought in and removed from the classroom forea. - 
meeting. 

The two summer piograms lose the abc^o .\K . ,: 

but more than make up foi tliem b> elmi; u.uui •} . J 

vantages listed Our experience indicates th.it" th. th .^ 

week course meeting 4-6 hours per da> for ten fi: .. 

da>s!i ^roomusedfornothingelseoffeisiha^es'.;. .J^ . 
situ.Uion 

The course has been taught in school cafeterias, lib. r ■. • 
eleniuitary school classrooms, high school science laK.j 
tones, and univcrs-'ty laboratories. We think it is K->: 
taui^l.i in an elenunmry school classroom since the part^'i- 
pnntsO\erco:nc tie saniespace and facilit) difficulties dJr- 
mg th^- coui>e as they will face in implementing a phys.Val 
science program in their classes Most import.irtl) the 
course mus* be taught in a free and easy workshop atr.o- 
sphere where students can learn from each oth:-, cct : 
mediate answers to iheir questions an., learn th.-'j. ; 
science experiments can be an enjo>able e.v^ ci ie . . 

Hand tools, lightweight electric drills, and %A . > ♦ 
are provided along with most materials needed toco " 
each piece of experimental apparatus. Each sr.uic-- 
apparatus with which she does e.xperime.its. a...^ . - 
course is finished, she takes the apparatus she h.;^ '* 
Other experiments make use of commonly a\ai!.i^' " 
rials, such as spectacle lenses, aquarium, and ni'. t- * 
When the course is finished each participant h is c-.c 
materials to carry out nearly all of the exp^ru. tr's : ' 
demonstrations. Special apparatuses, which are eif'ur 
pensive or diflicuU to obtain, are avoided 

Evei) aspect of the program is part of a plaimeJ c^^r ' ' 
gi\e the participant confidence and compc:;.;.e to cj'"' 
out a-i activity 'oriuited physical science program in 
school 
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CONTENT 



It was our goal for each participant to gain a mea<ii 
competence in performing approximately 100 exp-Tinier^-' 
and demonstrations from the various areas of phvMC^ 
example, in Unit I the student makes an alcohol bi'^T'" 
frorn a baby food jarand clothesline rope and fueh if ^^'^^ 
spirit duplicator alcohol. The participants usetheburtjer^ 
the heat source for eleven experiments and demonstr.uio'^* 
that can be done with test tube stoppers, glass tubing- 
rubber hose. These experiments include boiling at lo^'^' p^^' 
sure, distillation of wood,distillation of liquids, and recr>^' 
tallization of salt. Nine additional heat experimert:^ 
done in a later unit. 

In the second unit an equal-arm balance sen>.''^«^ 
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1 A!coh 
I. At 

2 Va 

3 Be 

4. Te 

5 a 

6 G 

7. lu 

8. D- 
9 

10 Br 

11. Re 

» Expcr 
LAs 
2 Ca 
3.Ca 

4 Dc 

5. Ga 

rco 

1 Ev 

9. Dc 
10 Dt 

n.D< 

12. Ar 
13 D- 

Op,.cs 

1 Rc 

2 Pt 
3. Co 
^Spc 

5 Sp* 
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,ijt 20 rng »s constructed, and il \s then used to carry out 
'^v'^ieen eNp«^riments including determination of the densi* 
'""rcolids. liquids, and gases and a study of Archimedes's 

^ Thtf optics unit contains 22 demonstrations and experi- 
^. T.*:s ^^^"^ ^"^^ items as mirror stock, pinhole cameras. 
" uiViutn, lenses, and shaving mirrors. Eleven experiments 

incluii^^ on weather, 16 on mechanics. II on sound. 
lO on electricity. A complete listing of the table of 
%,[ents from our study guide is available on request from 

^luthor. 

CONCLt'SIONS 

Niore than 200 persons have taken this course during the 
six years, and student evaluations have been taken 
fv^*,.i approximately 100 of these. The course has been con- 
I'anily rated as one of the best in which they have partici- 
^.j J \sich respect to amount learned, potential for impact 
^1 fetching, and personal satisfaction with accomplish* 
.. .pjjs. Follow-up interviews with teachers, science super- 
iVors. and pi incipals as well as unsolicited correspondence 
jate that hiany who have taken the course have incor- 
vf-ited much of it into their icience teaching. 

Our experience mdicates that physics departments can 
;:.»\e an impact on public elementary school science teach- 
by developing and teaching courses that train the par- 
:!wipini to conduct class experiments, develop apparatus, 
-nd perform the demonstrations that we have traditionally 
.^cd in tcnching elementary physics. However, theexperi- 
.K-nts need to be simpkried and Nvorkcd out so they can be 
.lo-ie with readily available and easUy constructed 
.:\.;t,rials. 

:.\BLEOF CONTENTS 

I Alcohol burner plus ti:<nub«$ 

1 Atmosphcnc pressure 

2. Vacui'-n produced by condensation 

3 Boiling at low tempcr.iture 

4 Test tube lens 

5 Cartesian diver 

6 Gas thermometer 

7 Liquid thermometer 
S Dj^tillation of wood 

9 Distillation of ink or shoe polish 

10 Boiling point when salt is added 

1 1 Recrysiailization of salt 

II E\pcrirr:er.:$ with an equal-arm balance 

1 . Assembly 

2. C.ilibration of balance 

3 Cjlibration of a set of masses 

4 Docs shape change mass? 

5. Gas has weight 

6. Warm air is lighter than cool air 

7. Conden«.Jtion rates 

5 Evaporation rates 
9 Density of solids 

10. Density of water and alcohol 

1 1. Density of gas 

12. Archimedes's principle 

13. Density by use of Archimedes's principle 

in Optics 

t. Reflection box 

2 Pinhole camera 

3. Concave mirror images 

4 Sf/ccirum by scarf r-jtmg 
5. Sf^cirum with pa.» f ^atcr 'nd mirror 

\m J Phjs , Vol. 50, No. 2, Fcbru^try WS2 



IV 



6 Moon boji 

7 Aquanum opiics 

8 The cntjcal angle 

9 Spectrum 

10 Refraction mdex by shortened ruler 
\ I Displaced image 

12 Absorption of hght white box. black oox) 
13. Absorption of iight by use of m3gn»f>.ng g^ass 
14 Waves on a chain 

15. Polanzation 

16. Polanzation of sky light 
n The periscope 

18 The kaleidoscope 

19. The telescope 

20 The water drop microscope 

21. The color wheel 

22. Blue sky-red sunset 

Weather 

1 Dew formation 

2 Frost formation 

3 Wind indicator 

4 Construction ofa ram gauge 

5. Solar di*itillation 

6. Greenhouse etfect 

7 Solar heating s>stcm 
8. Convection currents 
9 Humidity 

10. Nfarshmailow in hypodermic syringe 

11. Smog bottle 

Mechanics 

1. The force required to stretch a spring 

2. The center of gravity of a rcgul.tr object 

3 Heart of Texas— a center of mass cxncrimcnt 

4 Equal torques 

5 Rubber b.ir.d <*.alc calibrated in newtons 
6. Measurement of work 

7 Inclined plane 

8 Pulley system 

9 Three classes of levers 
10 The wheel and a\le 

n The moiisotr ip car 

12 P:ng pong ball .n f'lrmel 

1 3 Spool, pin. .ind cardboard Bernoulli dcnv>tratioi 

14 Atmospheric preN^ure — A 

15 Atmospheric prosNurc— B 

16 "'asticity of volids 
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Heat 

1 Thermal expansion of volids 

2. Thermal cxp.insion of Nt>lids rod (second r^chodl 

3. Thermal expai:sion of g es 
4 Thermal expansion of liquids 

5. Melting point and freezing point 

6. The effect on melting point of ^mpunties 

7. Thermal expansion of metal plate 

8. Calorimetry 

9 Specific heal 

VII. Sound 

t. Demonstration of the tr.ncling wavC 

2. Waves can transmit energy 

3. Pclari/ation by reflection 

4. Standing wa\e — harmonics can be seen 

5. St<indlng wave — hormonics can be heard 

6. Resonance — n.itiirni frequencies of air column 

7. Vibrating bars 

8. Vibrating rceds 

9 Resonnnt air cavity 

10 Singinc glnss 

1 1 Speed of sound 

12 N'ortcv box 

Sotes m J P**v . 



The Physics of Fun 



ROB SchuUer may be the world's youngest 
physics teacher. Each weekend the Houston 
Museum of Natural Science pays this 12- 
year-Dld to play with toys. He shows visitors—cs- 
pedaily the smaller variety— how to discover science 
whUe having fun. Rob's toys have mass, velocity, 
inertia, momentum, and weights His toys feel 
gravitational and centripetal forces. They accelerate 
and decelerate. Through toys, Rob uses familiar ex- 
periences to draw children willingly into the realm 

of physics. . . , c 

Rob begins his show with die simplest of toys— 
the bail. He drops a Ught bail and a heavy baU from 
the same height at die same rime. TTie tesvlt often 
surprises his audience, and Rob asks die diildren to 
- "help'* him explain what happened. He guides them 
along by asking if it is harder to puil a loaded cart 
or an empty one. Togedier, diey determine diat the 
heavy ball receives more gravitational pull, whidi it 
needs to f 11 at the same rate as die li^t t all. Rob 
dien shows his expertise at tossing a ball straight up 
and catching it. He asks where die ball wdl tall if 
he repeats his toss while walking. Most of die 



younger viewers expea die ball to drop behind him. 
Anodier surprise: the ball shares Rob's momentum 
and returns to his hand. 

Next, Rob rolls a piece of clay mto a baU and 
drops it Splat! But he says momentum can make the 
clay bail bounce six feet high. The trick « Jo sack 
die day bail on top of a bigger, bounaer ball. He 
drops both balls, which his viewers know wdl faU 
at die same rate and arrive together. The big baU 
receives an upward push from die floor and surts 
to climb. The clay baU on top captures the bigger 
ball's momentum and flies upward. Rob then drops 
the clay bail into a jar of wawr; it sinks widi a splash. 
He asks for help in making die ball float. Butcunous 
viewers must wait until die end of die program tc 
see how dense day can be made buoyant— widi th< 
aid of physics. The trick, of course, is to shape di< 

clay into a boat • l o u» 

The momentum story contmues wuh Rob s ta 
vorite toy, die water rocket. He first fills die smai 
rocket widi air under pressure. When die air is re 
leased, its downward momentum shoots die :ockc 
upward in a dassic example of action and rea-tior 
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V^i£iherthey' 
hangmgupside'dmuncm a roUer coaster 

numitormg marble mamerUum in the ckssrom, kids 
readUy erJer the realm of science through 

tcys and amusement parks. 
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lubjdxue physics,, 
learned from enjoyahk 
experiences and merrwnes^ 
mahes sense to lads. 



Rob then asks his rocket fans to predict what will 
happen when he: adds. water to decompressed air. 
TaSune careful aim— remembering where the water 
wiU g^Rob-fires the rocket. The water adds mass 
and dierefore momentum to the escaping air and the 
rocket soars even higher. 

The World as Laboratory 

Rob's Science in Toyland demonstration grew out 

of the museum's. Informal Saence Study, hmded 

through the University of Houston by die Naaonal 

Sciena Foundation. My coUeagucs and at the mu- 

s*.uto are developing educational maten^ss^^^^^^^ design their own toys and rides as an exercise 

room programs ;Jiat draw on cM<fc^^^^^ S a^ J^STg dieorerical concepts. 

enjoyab sexpsnences to teach die language ana con "^^P'^ » ^ programs on more than 

opts of physics. Inductive physics-diat learned .^A.^'^J^Z^^^^^ country. In Sr. 

Sm memories of toys, amusement parks, sports, 5 000 clas.3 spent a 
and playgrounds— makes- sense to tads. - » ^-.ijin-, ^rith our materials— expenmenong 
A sixih-grade girl inspired the study.I was trymg 7°^^^ park rides, and top- 
to explain to her die "location- oi^t^^^ oU mth oyj^'^Jfj^/^ ^„ ^^e Six Flags Over Mid- 
hypoAetical space colony and why she woddn t faU J^^^ them before and after die- 
inward. But &l my efforts ij^^l'^djng / ^^^^^ti^Z^l knowledge in three areas: 
bucket of water over 'my head, only «°f*d more P^°^J^;^^* mechanics concepts; recall of sa- 
confusion/FinaUy, a sympadienc cl^sma e old her ^^P'^';'"^^ °^ ^bUity to apply mechamcs 
to think about the rapidly spmmng Barrel o Fun at !°^'^^J^;" w situations. Students of all academic 
die local amusement park. I wdl abSshowed significant learning gains in each 
look of understanding on her ^^^'^'^l^Zc^xZ ttlorf (^7lhart^PPOsite page), widi slow learn- 
experiencetolearnfrom-Shecould-feel Ae^^^^ ^ fecS die same percentage gains as acceler- 
eti force pushing inward from «d^ of die b«Kl "^JJ^? ^^o began with lower scores, 
as its bottom droPP^d away, prov^dmg a smi«^^ or exceeded boys' scores. This came as 
upon which she could budd abstract «x)ncep«. XT^^vsr, itom sports to machines. 
We aimed first at devetopmg materials and cur- ^°"f2^^'^erienccs have a defirute "male" 

remembering and pursuing. We ^^jd Aat even sm- pnysia^ ^^^^als and cur- 
dents who had never made a conjnbuaon m saence J^^'^ J in die Informal Science Study will 
class could describe the feeling o zero f^vity whde "^^^'TS The Department of Ed- 
rushing down a roller coaster hiU and die 4-g valley ^n be V^^^^ ^^^.^^^ programs and will 
diat follows. ■■ / Sidude them in its National Diffusion Network-a 

We've since developed P^°g«^ *°[,^Sfd" " U« of eSonal programs diat die department 

all grades, including accelerated students. Older sm- Utt or cau v ^ ^^^^ ^^^^^ districts 

den« not only tackle more difficult saennfic con- de«ns^«^^^^^^^ ^^^^^^^^ p 

ccpts; diey also get into matters of engmeering. They naaonwi«, a^ ^^^.^^ ^^^^^ 

p'robe die mechanical details of how »ys work, ^"J^Jj^^^ .^achers on a shared-cost basis 

or they might analvze blueprints and accclerometer ^« ^^^^ i,e appropriated, 

readouts from roller coaster rides. We even challenge using v^c runa» 
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Yo-Yo Meters and G*Force Detectors 

Now let's take a mp to an amusement park with 
Amy 0*Neal and Elizabeth Gregory. Amy, age 12, 
and Elizabeth, age 11, became "computer physi- 
cists'' this summer in a week-long course we ran at 
the museum. They began by runmng computer pro- 
grams we've developed that simulate many thrill 
rides. The girls designed loop coasters and watched 
riders stick tight even when upside down* They tilted 
curves so banking angles would hold riders squarely 
on their ^eats. "Hiey played arcade-style basketball 
with properly angled parabolic arcs. They gave just 
enough spin to a gravity-defying barrel so passengers 
would cling to die walls. They made changes that 
could never be made in a real park, creating dan- 
gerous rides without risking a rider's life and limb. 
Ill all, Amy and Elizabeth began to see the physical 
principles behind these familiar rides. 

The girls then joined about 300 other computer 
physicists on a laboratory trip to Astroworld. They 
went equipped with scientific instruments and meas- 
uring devices picked up at a toy store. Elizabeth 
became an expert with the yo-yo meter, which she 
used to "watch'^' the forces she experienced on the 
rides. For example, on a suspended roller coaster 
called XLR-8, Elizabeth watched the yo-yo swing 
outward at each banked turn. The force of her body 
pushing against the seat confirmed the yo-yo's read- 
ing—the centripetal force produced by- the banked 
curve exactly matched gravity's tug. The yo-yo 
proved that she would not fall off or fly away on 
this ride. On the scrambler, Elizabeth's yo-yo became 
a pendulum swinging back and forth. As she moved 
through the ride's complex spirograph pattern, her 



T iMi ohM t • c itw c < throtig h 
tan MM Its* Nlnlli wMl^fs 

%Mp9^^^IM^jlf^jj^9^h toys 

nuiigr tomlnf falm. This 
i r i NiH • o s w If 

ntootiofiioo oonoo^tSf 
•ftM MffleuK to iMoh. 



Opoo oH o prnwi A toy 
o clow t l o t Mooo o yihyo 
motor to ''MO** foreoo on 
o ffoNor ooootor. Lofts 
•MiiltlMjfOf tootfor 
9vovtty*fvooo« THo 
otf o tcli oi out ollwfcy wc^i* 
Wfiyt Boooyoo tho oofitair 
of Its 



pendulum yo-yo faithfully maintained its swing, 
tracing each path in reverse as viewed by her moving 
eye. 

But her most dramatic moment came on the loop 
coaster. Initially holding the yo-yo in her hand, with 
the string tied to her wrist for safety, Elizabeth re- 
leased it when she was upside-down at the top of 
the loop. The yo-yo seemed to fail "up" rather than 
dropping to the ground As she had learned in cUss, 
she was. traveling so fast that the. yo-yo, sharing her 
momentum, kept going in a straight line. She, how- 
ever, was curving downward in the loop, so the yo- 
yo ended up in her lap. 

Amy favored die paddle ball-ra ball attached to 
a paddle by an clastic string— and turned it into a 
g-force deteaot to measure acceleration. Astronauts 
during lift-off .may pull 3. g's, experiencing three 
rimes Aeir normal weight, while in the weightless- 
ness of orbit they experience zero g. To calibrate her 
g-forcc detector, Amy held the paddle upright and 
marked the spot where the ball rested normally- 
representing 1 g. She added a second ball to the 
string, which caused Ac clastic to stretch as far as 
it would with one ball under 2 g's of force, and 
marked this spot. She then repeated the process with 
a third ball to mark 3 g's. 



l^or many students, . 
science mtist becorne so 
interestmg and meaningful 
that it r worth remembering. 



On the roller coaster, Amy's de* 
teaor showed the reduced g force 
*of eacb drop and the extra g's en- 
countered in every- valley. Then she 
went on the Sky Screamer, which 
drops passengers i^om a lO-story 
tower. Amy plummeted for two 
seconds of free-fall followed by a 
landing curve that braked her de- 
scent. First the paddle ball floated 
freely ia front of her — a certain in- 
dication of her weighdess condi- 
don. As she entered thr landing 
curves the ball reached a reading 
weU over 3 g^s» She can carry this 
experience with her as a. real-Ufe 
example of physics in action. 

Several parks around the narion^ 
are now using, the materials, in- 
cluding physics workbooks,^ that 
we've developed. For example, the 
Six Flags park at Magic Mountain 
in California and Great Adventure 
iiT New Jersey run spedai physics "field lab" days, 
and the Six Flags Over Texas park is planning a 
similar program for physics and physical-science stu- 
dents. The Iowa Junior Academy of Science is testing 
a physical science laboratory at Adventureland in 
Des Moines using all of the eighth graders in the 
city's public schools. Both teachers and students are 
enjoying the attention- For years schools have re- 
warded the band, glee club, and sports teams with 
trips. It is encouraging to see a similar privilege given 
to science students. ' 

Toys in the Qassroom 

For the past 3 years I have presented workshops at 
teachers conventions around the country. The work- 
shops emphasize how to bring student experiences 
into the classroom — ^from sdence show-and-tell ac- 
dvides in the lower grades to toy Activities and 
amusement-park laboratories for older.students. In 
Houston, Tve watched toy labs grow in several el- 
ementary and middle schools, where children seem 
to thrive when studying the world in miniature. 

Some toys mimic human behavior — flipping, 
swimming, hopping, rolling, jumping, waddling, and 
walking. Whether they wind up, roll down, rev up 




from being pushed, or use batteries, these toys all] 
have a power source somewhere. Describing the en- 
ergy flow in the mechanical devices offers a simplel 
introduction to the prindple of energy conservadon.! 

Toys that roll are meant to be raced, of courseJ 
Proper lab equipment includes a long downhill rampl 
of plasdc or plywood that slopes gently to a hardl 
floor straightaway. Some racers inevitably roll faster! 
for very sdendfic reasons. Students discover that! 
wheel fricdofi is a killer, but several of the pint-sizel 
experts in this field testify that applying graphite! 
works wonders. Crooked wheels waste too much of j 
the precious grantarional energy. Wheel quality al-| 
most always takes precedence over wheel size. Aero-| 
dynamic styling can help if the race is close. StudentsI 
wuc know that all objects fall at the same rate are! 
ofren puzzled about what happens when mass isj 
added to racers. Using day and trial-and-error tac^ 
dcs, they soon learn that mass makes little differenc 
on the dovmhill roU, but the extra momentum car- 
ried onto the straightaway makes heavier racers bet-| 
ter every time. 

Afrer one great race, a female contestant requested 
that we use dolls in a demonstranon. But thad 
pointed to something that had been bothering us:| 
dolls— tradirionally "girls' toys'*— don't lend ther-n-' 
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selves easily to science. Staring at a doll and won- 
dering **where's the physics" only leads to 
frustration. Dropping or throwing dolls in the name 
of science surely provides little encouragement for 
budding female scientists. Finally, we hit on the idea 
of safety. 

Roller skates that clamp over-shoes make excellent 
cars for carrying dolls. The students would crash die 
cars and study the results, adding safety features for 
the next crash. DoU-sized scat belts, shoulder har- 
nesses, head rests, and padded dashboards grew 
from classroom supplies. Class interest ran high: the 
girls cheered when the dolls survived, and the boyr 
rooted for the wreck. 

Another class modified dus idea, replacing the 
dolls widi raw eggs. Each egg had a painted face 
that had to remain visible during its ride. A ramp 
running abruptly into a wall guaranteed equally 
forceful crashes for all participants. Losers cleaned 
up the mess. As an interesting safety note, the sole, 
surviving egg was protec td by an air-bag system 
made from a ballooii. 

Flipping toys also make fascinating physics. With 
a push from its long curled tail, a toy cat can roll 
over. Tiny legs flip out and push toy cars and planes 
upside down and over. Widi a spring-loaded kick. 



a toy mouse flips high in the airland lands on its 
feet. A simple description of these forces and their 
directions is a lesson in Newtonian medianics. Add- 
ing clay weights shows, die delicate balance of each 
toy acrobat. 

MarWes make excellent lab equipment. A ruler 
with a center trough along its length quantifies the 
marble player's art. Marbles of different s zcs and 
speeds can be rolled along the trough into each odicr 
with great head-on accuracy. Students can sec mo- 
mentum passed from marble to marble in each col- 
lision. Students who do not speak algebra can still 
see that mass and velocity are both important in 
marble mechanics. A small marble must travel twice 
as fast as a marble widi v. vice as much mass to stop 
it. And for observeri, dear marbles make handy con- 
vex lenses that provide upside-down views of the 
-world. - . - 

The slinky has long served tea'^iiers as a meduim 
' for demonstrating longitudixial (soundlike) waves • 
and transverse (lightlike) Waves* But we've also 
solved one of Ae greatest problems with slinkies: 
what to do when a slinky is stretched or bent. Dam- 
age usually strikes at the middle, rendering the toy 
useless. Such a slinky can be cut in half. The halves 
can then be dropped from the same height, widi one 
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Pick a place on the nde 
for each sign. 
Put its nunber in the box 
beside the sign. 




Scale factor » 80 feet pe»^ Inch* 



Hoight of first hiTT - 176 ft 

Angle of first drop - 36** • 

Height of each loop • 70 ft 

Maximum g-force - 5^9 g 

Minimum g-force - 2.0 g 

Speed limit - 50-mph 

Mlnimunr speed - 3 mph 

Minimum rider height • 4 f t- 

Rlde capacity • 28 



Weight of coaster 
Length of train 
Chain speed 
Frontal, area of train 

(Intersecting the v*ind> 
Horsepower of cha***! motor 
Round trip time 
Round trip distance 



37B.5 tons (approx) 
49 ft 
354 fpm 

3.7 ft X 2.8 ft 
200 hp 
111 sec 
1942 ft 



half compressed and the other outstretched. In seem- 
ing defiance of the **all-faI!-rogcthcr'* law, the 
strctchcd-out slinky hits the floor first. Students 
finally realize that it is the centers of mass that must 
be at the same height to make a gravity race fair. 

A car track with a ramp that hurls the car around 
a loop always proves a favorite. By adjusting the 
height of the ramp, students can change the car's 
speed in the loop. When the speed drops too low, 
gravity conquers inertia and the car comes tumbling 
off. Older toy scientists can calculate the exaa height 
for the car's ramp in terms of the loop's diameter 
that gives the slowest acceptable ride. This demon- 
stration gives students the opportunity to experiment 
with 3 model of an amusement park ride before ex- 
periencing the real thing. From watching the car, 
, students- develop an idea of what it would feel like 
to be inside. Going on the ride lets the learner slip 
inside his or her experiment to get a different perr 



spective on the forces involved. 

Students also enjoy speculating about which toys 
will work well in the zero-g conditions of the space 
shuttle^ Could, an astronaut yo-yo? Would a rioaring 
slinky still carry waves? Would a paddle ball be as 
easy to hit? Could a windup car run around the sides 
o£ a circular doorway without ever needing to* be 
rewound? These fascinating questions have led me 
into negotiations with officials at NASA's Johnson 
Space Center in Houston. Tve proposed that shuttle 
astronauts test some of these toys and videotape their 
efforts. The latest word is that this may happen dur- 
ing one of next year's missions. The videotapes 
' would then be available to teachers. 

Many Happy Returns 

With the holiday season fast approaching, toys arc 
on many people's minds. Anyone venturing into a 



ERIC 



U NOVEMBtt/DCCEMiat 19M 



339 



IMflM mcr—m tlw nation 
now UM matnfflala 
4#vala#a4 In ttia 
liiformni felMM Study. 
Thia workbook iN^Mam 
ask» studonta to mark 
wtioro thoy oxpoHonco 
varloua fforeoa on a rollor 
' flatt). 




Rob Schullar*t Sclonco in 
Toyland proaram dalighta 
chlidffon at Houaton'a 
Muaoum of Natural 
HIatcry* Par oxampio, 
aoll«carryina rollor akataa 
p roviso a tfrrmatic look 
at momontum In action 
(Mt). Aa a tiolMay 
adonooflftt Rob 
rocommonda ttio Coma 
Back Can (abovo} soo 
artlcio for Inatructiona). 



toy store will find physics on every shelf— even - 
though only one aisle will likely be labeled "edu- 
cational/' These toys, such as chemistry sets or mi- 
croscopes, take a science-inclined child into the 
world of adult scientists. But there is as much applied 
science and engineering in those other toys that all 
kids want Since many people automatically make a 
distinction between "fun" and "learning," the po- 
tential of these toys is often overlooked. 

For those who forgo the toy store adventure, the 
staff of the Houston Museum of Natural Science 
recommends a special old-fashioned science toy. It 
is appropriately called the Come Back Can. Rob ' 
Schuller makes this toy from a soft-drink can, a rub- 
ber band, a one-ounce fishing sinker, and several 
large paper clips. He uses a nail to make a uole in 
die bottom of the can. He slips the rubber band 
dirough the sinker and knots it in the middle. He 
then feeds one end of the rubber band through the 



tab slot in th<? can top and secures it with a paper 
clip. With a hook fashioned from a paper clip, he 
pulls the rubber band through the hole in die can 
bonom and attaches it with another paper clip. The 
sinker must hang with a htde slack, but should not 
rauch die walls. The paper clips must be taped se- 
curely to the ends of the can, wmchmay be decorated 
with smooth wrapping paper to add a festive touch- 
Rob rolls his finished Cdme Back Can forward a 
few times to wind up the rubber band. Then he rolls 
the can across his suge. The can finally comes to a 
stop and begins to roll back. Toy scientists of all 
ages will be fascinated by this holiJay treat while 
seeing an important scientific principle, conservation 
of energy, at work— or^ radier, at play. . 



CAROLYN SVMSERS ts dtrector of astronomy and physics at' the 
Houston Museum of Natural Science and co^prmapal tnvesugator of 
the Informal Sc^u Study at the Vnwerstty of Houston. 
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